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PREFACE. 

The  study  of  the   Masscnutten  Mountain  v/ac  suggested  by 
LIr.  Bailey  v/illic,  to  v/hose  x-ersonal  and  cordial  direction 
both  ©f  the  field  work  and  the  discussion  of  the  data  secured, 
the  Vv-riter  is  greatly  indebted.     ThanKs  are  also  due  to 
Professor  Van  Hise,  of  the  University  of  iVisconsin,  for  aid 
upon  certain  striactural  problens;  and  especially  to  Professor 
Clark  for  kindly  criticisn  and  supervision,  diaring  the  prepara- 
tion of  the  manuscript. 

The  recent  v;orh  of  Ilr.  Willis  upon  the  Ivlcchanics  of  Appalach- 
ian Structure, and  that  of  LIr. Keith  upon  The  Geolog^''  of  the 
Catoctin  Bolt, have  been  constantly  consulted, and  it  v/ill  be 
a  source  of  gratification, if  the  present  paper  shall  be  judg- 
ed to  be  a  worthy  sequel  to  the  able  discussion  of  the  «arlier 
geological  history  of  Northern  Appalachian  Virginia.   by  T.ir. 
Keith. 
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INTRODUCTION. 

The  object  of  this  paper  is  to  present  the  lithol- 
ogyi  sequence  and  structure  of  the  formations  occurring 
in  Massanutten  Mountain .Virginia,  and  from  their  study  to 
indicate  in  so  far  as  is  possible,  the  processes  and  con- 
ditions under  which  the  sediments  were  deposited,  and 
those  by  which  they  have  reached  their  present  attitude 
and  distribution. 

In  Appalachian  Virginia  there  are  recognized  three 
marked  topographic  belts:   the  Blue  Ridge,  the  Great  Val- 
ley and  the  Alleghany  mountains. 

The  rocks  of  the  Blue  Ridge  are  largely  Jjre-Cambrian 
eruptives,  but  along  its  western  slope  sandstones  and 
shales  are  exposed  which  have  been  determined  on  fossil 
evidence  to  belong  to  the  Lovrer  Cambrian.    These  forma- 
tions are  followed  by  a  massive  limestone  which  is  char- 
acteristic of  the  Great  Valley  and  this  in  turn  by  the 
remainder  of  the  Paleozoic  section  in  the  Alleghany  moun- 


tains  to  the  west.    In  the  Alleghany  region  folding  of 
the  Appalachian  type  is  made  apparent  by  the  repeated 
outcrop  of  certain  resistant  strata  which  have  given  rise 
to  a  system  of  parallel  linear  ridges  with  a  common  II.  E. 
and  S.  V/.  trend.    The  whole  region  has  been  long  subject 
to  erosion  and  its  present  physiography  serves  well  to 
Illustrate  the  intimate  dependence  of  topographic  form 
upon  stratigraphy  and  structure.    Thus  the  position  of 
the  wide  valley  has  been  determined  by  the  presence  of 
the  broad  belt  of  soluble  limestone,  while  the  limiting 
mountain  ranges  and  occasional  valley  ridges  are  higher 
because  their  component  rocks  have  offered  greater  resist- 
ance to  the  existing  condition  of  erosion 

Especially  marked  throughout  the  region  is  the  preva- 
lence of  horizontal  crest  lines;   and  the  fact  that  the 
summits  of  the  ridges  are  of  approximately  the  same  height 
indicates  an  old  baselevel  surface  —  the  Alleghany  pene- 
plain.   The  presence  of  a  few  low  monadnocks  above  this 
general  surface,  which  is  in  all  probability  to  be  cor- 
related with  the  Cretaceous  peneplain  of  Professor  Davis 

shows  how  far  toward  completion  baseleveling  had  pro- 


gressed  before  the  initiation  of  a  new  cycle  of  erosion 
by  elevation  of  the  land.    The  floor  of  the  Great  Valley 
represents  a  later  period  of  baseleveling  of  sufficient 
duration  for  the  complete  reduction  of  the  limestone  and 
shale  forniations  without  sensibly  affecting  the  areas  of 
more  resistant  rock.    Into  this  Shenandoah  peneplain  the 
modern  drainage  has  eroded  its  channels  to  a  depth  of  200 
feet  or  more . 

Massanutten  Mountain  owes  its  preservation  to  a  deep 
sag  in  the  long  central  syncline  of  the  Great  Valley  by 
which  a  heavy  sandstone  stratum  has  been  brought  below  the 
level  of  the  Alleghany  peneplain.    Subsequent  erosion  has 
excavated  the  double  valley  of  the  Shenandoah  on  either 
side  and  left  the  mountain  as  a  residual  mass  forming  a 
narrow  partition  in  the  Great  Valley. 

Comprising  in  its  component  strata  the  greater  part 
of  the  middle  Paleozoic  section  and  isolated  as  it  is  by 
broad  bands  of  the  Shenandoah  or  Valley  limestone  the  area 
forms  a  geologic  unit  and  has  been  so  considered  in  the 
discussion  which  follows. 


More  sharply  defined,  the  Massanutten  area  occupies 
the  territory  bounded  by  the  two  parallel  branches  of  the 
Shenandoah  river  between  the  latitude   of  Strasburg  and 
that  of  Harrisonburg  Virginia.   The  area  is  about  forty- 
five  miles  long  and  from  six  to  eight  miles  wide. 

The  Mountain  is  a  system  of  parallel  ridges  which 
coalesce  at  intervals  to  form  a  chain  like  series  of  en- 
closed basins.    If  the  mountain  be  divided  into  two  parts 
at  the  New  Market  gap  South  Massanutten  is  found  to  com- 
prise three  links  of  the  basin  chain  while  the  fourth 
known  as  the  Port  or  Port  Valley  occupies  the  central 
part  of  North  Massanutten  throughout  its  length  of  twenty- 
five  diiles. 

While  the  mountain  has,  in  common  with  the  surround- 
ing topographic  features,  a  general  northeast  and  south- 
west trend  there  is  a  slight  change  in  direction  at  the 
New  Market  gap,  the  axis  of  the  northern  part  running 
N.  40'  E. 

The  general  location  of  the  area  will  be  seen  from 
the  accompanying  sketch  map. 


S'KetcVi-r.iap  chov;in£  location  of  the 
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STRATIGRAPHY. 

THE  SHENANDOAH  LIMESTONE.    The  lowest  horizon  in  the 
Massanutten  area  is  the  Shenandoah  limestone.   While  the 
formation  is  typically  a  heavily  bedded,  noncrystalline, 
doloraitic  limestone,  shaly  beds  are  by  no  means  rare  in 
its  lov/er  portion.    Prominent  intercalations  of  sandstone 
are  also  found  near  the  middle  of  the  series  and  are  known 
to  be  particularly  well  developed  along  the  eastern  side  of 
the  Shenandoah  valleyf   Similar  beds  of  rather  coarse 
yellow  sandstone  are  to  be  seen  west  of  Massanutten  Mount- 
ain in  a  railroad  cutting  between  Edinburg  and  Mt .  Jackson. 


'  The  names  here  employed  for  the  different  formations 
of  the  Massanutten  area  are  those  adopted  by  the  U.  S. 
Geological  Survey.    See  a  paper  entitled  Notes  on  the 
Stratigraphy  of  a  portion  of  Central  Appalachian  Vir- 
ginia.   N.  H.  Darton,  Am.  Geol.  vol.  X    pp  10  -  18. 


*A.  Keith.   Harpers  Perry  Folio.  U.  S.  Geol.  Survey 


1894, 
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Mr.  Keith  has  made  the  suggestion  that  those  beds  are  prob- 
ably the  stratigraphic  expression  of  the  disturbance  of  en- 
vironment otherwise  recognized  by  a  difference  in  the 
faunas  of  the  middle  and  upper  portions  of  the  limestone 
series . 

Above  the  sandstone  there  are  limestones  containing 
extensive  beds  of  chert  and  above  these  dcs-  the  uppermost 
member,  about  200  feet  in  thickness,  consists  of  very  dark, 
compact  limestone  becoming  thinner  bedded  and  alternating 
with  shale  to  which  it  at  last  gives  place. 

Though  fossils  are  by  no  means  common  in  the  lower 
portion  of  the  formation  Mr.  Walcott  has  succeeded  in 
determining  their  age  as  lower  and  middle  Cambrian,  while 
the  upper  part  is  Ordoviclan  and  has  long  been  recognized 
as  in  part  equivalent  to  the  Trenton  limestone  of  New 
York. 

"^C.  D.  Walcott.   A.  J.  S.  1892,  vol.XLlV.    p.  53  and 
47.8. 

A.  Keith.    G-eology  of  the  Catoctin  Belt.    14  th. 
Ann. Rep.  U.  S.Gool.  Si.ij?vcy,  1893.  p.  338. 
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The  thickness  of  the  Shenandoah  has  been  variously 
estimated  at  from  2500  -  3500  feet.    The  sandy  horizon  is 
said  to  be  about  1500  feet  below  the  top  of  the  Massanutten 
formation/ 

'n.  H.  Darton.   Staunton  Polio,  N.  S.  Geol.  Survey 
1894. 
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THE  HIARTINSBURG  SliALE .    There  is  no  sharp  break  be- 
tween the  Shenandoah  limestone  and  the  Martinsburg  shale 
which  follows  it.   Above  the  zone  of  establishment  the 
lov^est  deposits  there  are  fine  alrgillaceous  shales  which, 
when  fresh  are  of  a  dark  drab  here,  but  under  weathering 
become  more  or  less  och'erous;   they  pass  upward  into  cal- 
erous  shales  which  are  frequently  micaceous  and  often  show 
ripple  marks  and  current  bedding,  the  latter,  hov,rever,  on 
a  very  small  scale  .   Occurring  with  these  shales  there 
are  bands  of  a  somewhat  coarser  rock  which  the  microscope 
shows  to  be  made  up  principally  of  angular  grains  of  quartz 
and  fragments  and  splinters  of  sorr.e  substance  which  behaves 
in  polarized  light  as  a  fine  crystalline  aggregate.    Some 
calcite  and  a  few  mica  flakes  are  always  present  and  in  one 
slice  a  few  grains  of  striated  feldspar  were  observed.   An 
exceptionally  coarse  specimen  contained  small  lamella  par- 
ticles, apparently  fragments  from  a  very  fine  grained 
shale.    The  crystalline  aggregate  resists  both  hot  and 
cold  hydrochloric  acid,  it  is  also  very  hard  and  compari- 
son with  chert  from  the  Shenandoah  limestone  leaves  little 
doubt  that  it  is  also  chert  of  like  derivation.    In  this 
rock  the  size  of  the  grains  is  quite  uniform  with  a  max- 


/ 


imum  diameter  of  about  0.5   min. 

Throughout  the  Massanutten  area  these  beds  are  easily 
distinguished  by  their  olive  color,  peculiar  texture  and 
somewhat  prominent  outcrops.    Indeed  they  mark  the  only 
horizon  within  the  series  which  can  be  definitely  recog- 
nized. 

In  a  railroad  cutting  near  the  bridge  where  the  Stras- 

burg  branch  of  the  Richmond  and  Danville  R.  R.  crosses  the 

North  Fork  the  beds  which  overlie  those  last  described  are 

found  to  be  very  fine  grained  carbonaceous  shale.    Other 

good  exposures  of  this  member  are  to  be  seen  at  the  bridge 

over  North  Pork  east  of  V/oodstock  and  again  on  the  east 
V>i       A, 

side  of  the  mountain  on  the  New  Market-Luray  road.   This 

\ 

shale  merges  into  a  more  calcareous  shale  which  is  some- 
what fossillferous,  and  sometimes  carries  occasional  thin 
beds  of  hard,  earthy  limestone.    The  increasing  amount  of 
lime  in  the  upper  part  of  the  forr.ation  culminates  in  a 
band  of  very  fo ssilif erous  blue  limestone  which  though 
very  persistent  is  only  a  few  inches  in  thickness.    This 
band  of  limestone  is  made  the  top  of  the  Martinsbur^:  for- 
mation for  the  sedim.ents  which  follow  it  are  an  expression 


X(S 


of  the  beginning  of  a  continental  movement  which  was  to 
unlock  the  immense  store  of  insoluable  detritus  which  had 
been  so  long  accumulating  upon  the  neighboring  land  surface 
Q    /       Regarding  the  thickness  of  the  Ilartinsburg  no  accurate 
!   measurement  was  possible  but  the  most  reliable  estimates 
place  it  in  the  neighborhood  of  2800  feet. 
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THE  MASSANUTTEN  SANDSTONE.  The  Massanutten  sand- 
stone following  the  Martinsburg  shale  is  divisible  into 
two  members  which  are  separated  by  a  parting  of  shale. 

The  lower  member  consists  at  the  bottom,  where  it 
rests  upon  the  limestone  cap  of  the  previous  formation, 
of  very  fine  clay  but  there' is  a  constant  increase  in  size 
of  grain  until  shale  is  replaced  by  micaceous  sandy  layers 
and  these  by  coarser  sandstone  carrying  quantities  of  chert 
and  a  smaller  proportion  of  quartz,  both  in  rounded  and 
subangular  pebbles. 

The  middle  and  upper  parts  of  this  series  is  usually 

fossiliferous  and  except  in  the  uppermost  conglomeratic 

portions  is  not  silicified  as  is  the  case  with  the  sand- 
/  - 

stone  which  lies  above  it. 

Exposures  are  not  frequent  nor  are  they  generally 
satisfactory,  for  the  outcrop  is  often  covered  by  talus 
(-  from  the  cliffs  of  the  overlying  quartztilp,  but  the  chert 

beds  were  observed  at  the  southeast  end  of  Short  Mountain, 
at  the  gap  in  North  Middle  Mountain  and  in  Findley's  gap 
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in  South  Massanutten.    Careful  search  along  Buzzard's 
Roost'  at  the  northeastern  end  of  the  mountain,  where  the 
fossiliferous  sandstone  is  v/ell  exposed,  failed  to  show 
any  fragments  of  chert. 

The  usual  thickness  of  the  lower  member  is  about 
200  feet. 

The  shale  which  separates  the  two  members  of  the  Mas- 
sanutten sandstone  is  fine  grained  and  aTgillaceous.  Its 
thickness  is  from  ten  to  twenty  feet. 

The  upper  Massanutten  is  an  indurated  sandstone  com- 
posed entirely  of  well  warhed  and  sorted  quartz  in  which 
cross  bedding  is  characteristic  throughout. 

The  greater  part  of  the  formation  is  a  sandstone  of 
rather  coarse  grain,  but  coarser  conglomera.t6s  in  which 
the  diameter  of  the  pebbles  m.ay  be  above  one,  and  even 
reach  two  centimeters  are  of  frequent  occurrence.    In 
these  conglomerates  the  larger  fragments  are  inbedded  in 
a  matrix  of  finer  sand. 

Pink  and  reddish  layers  occur  locally  in  which  the 
cement  Is  in  part  ferruginous  but  almost  alv/ays  the  bond 
is  silicious.    In  some  of  the  thin  slices  prepared  second- 
ary growth  of  well  rounded  quartz  grains  is  v/ell  shown  and 
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it  seenis  fair  to  conclude  that  such  enlargement  has  been 
the  general  cause  of  quartzitization,  since  the  sandstone 
consists  throughout  of  closely  interlocking  individuals  of 
quartz.    Induration  has  been  so  complete  that  even  in  the 
coarser  grained  rocks  fracture  surfaces  pass  through  pebble 
and  matrix  alike  without  deviation,  but  in  v/eathered  surfaces 
the  coarser  fragments  stand  out  in  relief. 

Considered  as  to  horizontal  distribution  the  amount  of 
coarse  material  diminishes  both  to  the  northeast  and  south- 
west from  the  central  portion  of  the  region.    The  absence 
of  coarse  grains  is  most  marked  at  the  Peaked  Mountain  in 
South  Massanutten  where  only  a  single  bed  was  found  in 
which  the  grains  reached  an  average  size  of  two  milimeters. 

In  the  lower  part  of  the  formation  sandstone  and  con- 
glomerate are  interbedded  but  toward  the  top  the  amount  of 
coarse  material  decreases  and  the  uppermost  beds  are  invar- 
iably fine  grained.    The  thickness  of  the  upper  Massanutten  i 
not  constant,  varying  from  500  feet  to  800  feet. 
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THE  ROCKWOOD  FORMATION.    The  lower  beds  of  the  Rock- 
wood  formation  are  sandstone  but  they  are  at  once  recog- 
nized as  distinct  from  the  Massanutten  sandstones  by  their 
deep  red  color,  and  where  the  tv/o  are  seen  in  actual  con- 
tact the  line  of  demarkation  is  seen  to  bo  extremely  sharp. 
Closer  examination  shows  that  these  red  sandstones  contain 
a  considerable  amount  of  mica  in  small  flakes.    The  red 
color  is  due  to  interstitial  ferruginous  material  as  shown 
by  microscopic  examination. 

Above,  the  sandstone  is  followed  by,  and  probably 
grtides  into  red  and  gray  shales  often  rich  enough  in  iron 
to  constitute  a  valuable  ore  which  was  mined  in  the  region 
for  many  years  and  reduced  in  local  furnaces.    No  study 
of  these  interesting  ores  has  been  attempted  and  indeed  they 
are  now  inaccessible  except  to  the  prospector  vTith  pick  and 
shovel.   The  so  called  fossil  ores  of  New  York,  which  are 
of  the  same  age,  are  thought  by  Foerste  to  have  been  derived 
from  limestone  by  replacenent . 

''Naned  from  Rockwood  Tenn.    See  Kingston  Polio   U.  S. 
Geol.   Survey,  1894. 


Foerste  A.  J.  S.  (3)  x  '   1591   pp  28  -  29. 
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Following  the  ore  bearing  clays  and  approximately  200 
feet  above  the  base  of  the  formation  ten  feet  of  yellowish 
quartzite  were  observed  at  one  locality.  Such  an  indurat- 
ed sandstone  but  of  greater  thickness  is  characteristic  of 
the  upper  Rockwood  formation  as  it  occurs  west  of  Staunton 
Virginia  from  which  it  may  be  argued  that  the  quartzite  is 
probably  of  wider  distribution  in  the  Massanutten  area  thann 
would  be  inferred  from  the  single  known  outcrop. 

Above  the  quartzite  comes  more  red  shale  which  is  very 
fine  grained  and  free  from,  grit  but  passes  upwards  at  least 
locally,  into  sandy  shale  and  thin  bedded  sandstone.    The 
thickness  of  the  Rockwood  form.ation  is  from  800  -  1000  feet. 


'n.  II.  Darton  Staunton  Folio  U.  S.  Geol. Survey  1894. 


The    followinr^   section   of   the   upper  beds    of   the   Rockv.'ood 
formation,    is  v/ell   ext<osed   at   Seven  Fountains: 

Sandstone,  red,  weathered 4  6 

Shale,    fissile,    yellov/, 10 

Sandstone,  yellow  to  white,  crinoid  stems  — 

on  upper  surface 0  6 

Clay  sliale,  fissile,  yellov/ 6 

Limestone,  weathering  yellow  and  shaly 1 

Shale,  sandy,  red. 2 

Sandstone,  limy,  gray^ 0  6 

Shale,  red,  sandy  not  fissile,  about 15  0 

Sandstone  hard,  red* 0  9 

Total  exposed  below  Lewistovm  limestone 39  3 


LEV;iSTOV/N  LIMESTONE.    Next  in  order  above  the  Rock- 
wood  formation  are  the  limestones  and  limy  shales  of  the 
Lev/istown  limestones.    Only  a  single  satisfactory  section 
is  known  though  the  distribution  of  the  formation  is  to  be 
made  out  from  occasional  small  outcrops  and  the  more  fre- 
quent occurrence  of  chert  fragments  in  the  soil. 

In  North  Massanutten  the  best  outcrops  are  at  Seven 
Fountains,  on  the  Edinburg  road  and  in  the  beds  of  the 
streams  on  either  side  of  Middle  Mountain.    In  South  Massa- 
nutten there  is  a  small  exposure  near  Harshbergers  gap  but 
the  limestone  doubtless  occurs  in  the  Cub  Run  basin  since 
the  younger  shales  are  then  present. 

The  limestone  is  full  of  fossil  coral  and  brachiopods 
and  the  microscope  revealed  the  presence  of  sponge  spicules 
and  an  undoubted  foraminifer  of  the  nodosarian  type  in  the 
chert. 
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The  following  section  is  to  be  seen  near  Seven  Fount- 
ains: 

feet 
Dark  fissile  shale  (Romney  shale) 

Coarse  conglomerate  (Monterey  sandstone?) 1 

Shale,    yelloTT -^ 6 

Limestone  fossiliferous  blue,  beds  S  in.  to  3  f t . -25 

Limestone  gray,  earthy 2 

Limestone,  shaley  much  chert 20 

Limestone  compact,  gray ■ = 10 

Clay  shale,  variegate,  limy -■ ■ 30 
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In  the  west  side  of  the  Fort  a  greater  thickness  of 
limestone  is  to  be  made  out  and  the  average  figure  is  prob- 
ably not  far  from  150  feet. 
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MONTEREY  SANDSTONE.    The  thin  band  of  conglomerate 
occurring  at  the  top  of  the  Lewiston  limestone  in  the  Seven 
Fountains  section  is  supposed  to  represent  the  Monterey 
sandstone  which  is  the  next  formation  in  the  normal  sequence. 
A  similar,  but  much  thicker,  rock  occurs  along  the  bottom 
of  Little  Port  valley  where  it  contains  a  valuable  deposit 
of  manganese  oxide.    The  only  other  locality  at  present 
known  is  on  the  west  side  of  the  Big  Port  near  the  V/ood- 
stock  road  where  a  "thin  bed  of  gray  sandstone"  was  observed 
by  the  late  Mr.  Geiger. 

As  observed  in  the  abandoned  pits  and  tunnels  of  the  Pow- 
ells Port  mine,  the  well  crystallized  ore  appears  to  occur 
in  a  vein-like  body  along  the  bedding  of  the  sandstone 
which  here  dips  about  45  degrees  to  the  northwest. 


'n.  H.  Darton  Staunton  Polio  N.  S.  Geol.  Survey  1894. 


H.  R.  Geiger,  Manuscript  notes  to  which  I  have  had 
access  through  the  courtesy  of  the  U.  S.  Geological 
Survey. 
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No  clay  is  present  with  the  ore  as  is  the  case  in  the  de- 
posits along  the  Blue  Rifige,  but  it  is  found  coating  the 
walls  of  the  crevice  in  which.it  occurs  and  often  as  a 
cement  binding  fragments  of  conglomerate  and  penetrating 
the  contiguous  sandstone.    The  width  of  the  vein  varies 
from  two  feet  to  nine  feet  with  occasional  pinches  where  it 
is  cut  out  entirely. 

The  mine  shaft  is  said  to  be  110  feet  in  depth  and  from 
which  the  thickness  of  the  sandstone  must  be  at  least  100 
feet  though  the  bottom  is  not  reached  at  this  place. 

The  great  variation  in  thickness  is  to  be  accounted  the 
result  of  erosion  at  a  date  prior  to  the  deposition  of  the 
black  shales  of  the  next  formation. 

ROr^l^IEY _  SHALE .   The  Romney  shale  rests  disc ordantly  updn  the 
eroded  surface  of  the  next  older  fonnutions.    In  its  lov/er 
portions  t?iis  formation  consists  of  black  argillaceous  shales 
passing  up.ard  into  calcareous  shale  which  when  exposed  to 
the  atmosphere  gives  rise  by  weathering  to  ellipsoidal  marses 
of  various  size.    These  shales  were  not  observed  to  be  fossil- 
iferous  and  no  accurate  measurement  of  their  thickness  has 
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been  possible  but  it  is  certainl-  not  over  700  feet. 
JENNINGS  SHALE.    The  black  shales  of  the  Ronmey  formation 
are  followed  by  dull  greenish  somewhat  sandy  shales  which  are 
every  where  very  fossilifftrnus .    There  is  no  physical  break 
between  the  two  forriitions  ano  their  separation  is  here  tiade 
on  the  grounds  of  thicknesr.,  since  tho  nor-al  thickness  of  the 
basal  Devonian  shales  in  Vircinia  is  only  600  feet. 

A  few  fossils  collected  from  this  horizon  were  sent  for 
determination  to  I'r.  Charles  Schuchert  of  the  national  Museum 
who  writes:    "The  fossils  you  sent  me  are  not  very  good  for 
stratigraphic  determination.   However,  the  presence  of  Spir- 
ifera  mucronatus,  Chonetes  scitula  and  particularly  Dalmanites 

tKa.n 

bootrf^il  van  calli teles,  point  to  a  Hamilton  rather^to  a  Chemung 
fauna."    In  the  Massanutten  area  evidence  is  not  in  favor  of 
any  break  betv/eon  the  two  shales. 

The  shales  which  have  been  referred  to  the  Jennings 
formation  have  a  thickness  of  about  600  feet. 

RESUME.    The  sediments  of  Massanutten  Mountain  represent  the 
geological  record  from  la'e  Cambrian  to  late  Devonian  time. 


'n.  H.  Darton.   Stratigraphy  of  Appalachian  Virginia,  Am. 
Geologist,  vol.  10.  1892  p. 17. 
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The  basal  limestone,  over  2500  feet  in  thickness,  is  of  Carnr 
brian  and  Ordovician  age.    It  is  followed  by  a  thick  calcar- 
eous shale,  also  Ordovician.  which  grades  upward  through  an 
unsorted  series  into  a  clean  sandstone  or  conglomerate,  and 
above  this  are  finer  grained  red  deposits  which  giVe  place 
to  a  f ossi liferous  limestone  constituting  the  uppermost  member 
of  the  Silurian.   The  basal  sandstone  rrember  of  the  Devonian 
is  not  always  present  because  of  erosion  antedating  the  depo- 
sition of  the  black  shales  of  Hamilton  age,  which  rest  discord- 
antly upon  the  lower  formations.    These  last,  with  a  few  hun- 
dred feet  of  lighter  colored  shales  above  them  are  the  highest 
beds  present  in  the  area. 
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STRUCTURE . 

THE  GREAT  SYNCLINE.    Along  the  axis  of  the  Shenan- 
doah valley  there  is  a  great  synclinal  fold  extending  from 
Staunton  Virginia  to  the  Potomac  river  and  across  Maryland 
into  Pennsylvania.    The  course  of  this  fold  is  marked  by 
a  band  of  younger  rocks  replacing  the  characteristic  lime- 
stone of  The  Valley.    These  younger  rocks,  already  enumer- 
ated and  described,  attain  their  greatest  developement  in 
the  Massanutten  Mountain  and  ?iere  the  great  flexure  is 
found  to  be  a  synclinonum  of  the  normal  type,  i.  e.  one  in 
which  the  axial  planes  of  the  minor  folds  are  all  inclined 
toward  the  concavity  of  the  master  fold.    In  such  a  fold 
the  axial  planes  converge  upward. 

AREAL  GEOLOGY.   The  double  contact  of  the  Shenandoah 
and  Martinsburg  formations  is  marked  in  a  general  way  by 
the  rivers  which  bound  the  Massanutten  area,  but  these 
streams  in  their  meandering  courses  cross  and  recross  the 
line  flowing  alternately  upon  limestone  and  shale. 
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Within  these  limits  the  shale  occurs  in  two  parallel  zones 
separated  by  the  younger  formations  but  coming  together 
around  both  ends  of  the  mountain  and  also  having  a  narrow 
connection  at  the  New  Market  gap.    The  location  of  sever- 
al small  independent  areas  are  given  on  the  accompanying 
map. 

The  Massanutten  sandstone  outcrops  on  all  the  moun- 
tain ridges  forming  the  rims  of  all  drainage  basins  and 
separating  them  one  from,  another  so  that  its  outcrop  is 
continuous  throughout  the  area  with  the  exception  of  that 
on  Short  Mountain  and  the  slight  break  at  the  New  J^^arket 
gap. 

The  Rockwood  formation  encircles  the  larger  valleys 
and  forms  the  floor  in  most  of  the  minor  basins,  its  pres- 
ence being  shown  in  the  absence  of  good  outcrops,  by  frag- 
ments of  red  sandstone  and  blocks  of  iron  ore  or  indurated 
red  shale . 

The  known  distribution  of  the  Lewistown  limestone  is 
confined  to  the  Port  Valley  and  the  most  southern  link  in 
the  basin  chain.  in  the  former  outcrops  and  chert  frag- 
ments are  frequent  but  in  the  latter  only  one  exposure  is 
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known.   From  its  occurrence  at  either  extreme  of  the  region 
It  seems  probable  that  the  formation  is  also  present  in  the 
intermediate  or  Cub  Run  basin. 

The  lower  of  the  two  shale  formations  is  found  in  the 
principal  basins,  and  it  is  possible  that  the  upper  or 
Jennings  shale  may  be  present  in  all  three  but  it  has  been 
studied  only  in  Fort  Valley  where  it  lies  in  tvro  bands 
separated  and  flanked  by  parallel  belts  of  the  older  Romney 
shale . 

To  recapitulate,  the  formations  above  the  Massanutten 
sandstone  are  disposed  in  independent  areas  separated  by 
sandstone  outcrops  and  very  noticably  coincident  with  the 
several  topographic  basins  of  the  region.    It  is  seen, 
then,  that  these  basins  are  primarily  structural  in  origin. 

STRIKE  and  DIP.    In  North  Massanutten  the  strike  var- 
ies only  slightly  from  N.  40  E.  except  near  the  ends  of 
structural  basins  when,  parallel  outcrops  coming  together 
the  strike  sweeps  through  180  .   In  South  Massanutten  corres' 
ponding  with  its  more  northerly  trend  the  average  strike  is 
N.  30  E.   Throughout  the  whole  region  the  dips  are  as  a 
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rule  steep  and  frequently  reversed,  but  they  are  not  pre- 
vailingly away  from  the  central  axis  except  for  limited 
distances  in  the  Martinsburg  outcrops  and  along  the  bound- 
ing ridges. 

PITCH.   The  origin  of  the  several  striictural  basins 
is  due  to  undulation  along  the  axis  of  the  great  syncline. 
Each  basin  is  separated  from  its  neighbor  by  a  node  or 
point  of  inflexion  where  the  mountain  has  a  diminished 
width.   Approaching  these  nodes  the  hitherto  parallel  out- 
crops converge  and  the  massive  sandstone  stratum,  rising 
from  one  depression  changes  its  pitch  and  passes  down  into 
another.    The  most  marked  node  is  at  the  New  Market  gap 
wherd  the  mountain  has  been  pinched  in  two  by  the  failure 
of  the  Massanutten  sandstone.  (See  the  longitudinal  section 
on  plate  2 . ) 

Conspicuous  variations  of  pitch  in  the  secondary  folds 
of  the  syncline  will  be  considered  under  the  head  of  minor 
folds. 

MINOR  FOLDS.    The  amount  of  folding  which  the  dif- 
ferent rocks  have  undergone  is  by  no  means  constatt:   the 
massive  Massanutten  sandstone  has  been  thrown  into  rather 
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wide  folds  which  are  never  closely  appressed  as  is  the  case 
in  the  thick  shales  of  the  Martinsburg  formation.   For 
this  reason  and  because  its  outcrops  are  always  prominent 
and  the  attitude  of  its  beds  unmistakable,  the  Massanutten 
sandstone  is  better  suited  than  any  other  formation  for  a 
study  of  second  order  folds  and  their  relations  to  the 
great  syncline. 

The  folds  which  have  been  determined  by  the  massive 
sandstone  are  from  three-fourths  to  tv/o  miles  in  width 
and  of  va.riable  length.    The  longest  which  can  be  defi- 
nitely traced  is  the  Little  Port  syncline,  thirteen  miles 
from  iend  to  end. 

The  individual  folds  are  of  uniform  width  and  their 
limited  length,  as  in  the  larger  flexures,  is  the  result 
of  pitching  axes. 

Where  exposed  in  cross-section,  as  in  the  case  of 
anticlines  cut  through  by  streams,  they  are  often  seen  to 
bear  still  smaller  flutings,  constituting  folds  of  a  third 
order,  with  their  radii  shorter  than  the  thickness  of  the 
formation.    It  seems  possible  that  these  corrugations  are 


related  to  the  second  order  folds  as  they  are  in  turn  to 
the  great  syncline  though  it  has  not  been  possible  to  make 
sufficient  observations  to  show  that  this  is  the  case. 

In  horizontal  plan   the  axes  are  parallel  in  any  given 
latitude,  but  overlap  en  echelon  bringing  the  nodal  point 
of  one  axis  opposite  an  inter  node  of  the  adjacent  fold,  so 
there  seems  to  be  a  tendency  towards  alternation  of 
synclines  and  anticlines  along  the  axes  of  folding  which, 
of  course,  have  the  same  general  trend  as  the  rock  strike. 

Considering  now  the  general  relations  of  the  folds,  it 
is  found  that  they  are  symmetrically  arranged  with  respect 
to  the  master  axis.    In  general  any  section  across  the 
mountain  will  show  the  same  number  of  ridges  on  either  side 
of  the  interior  valley,  and  in  those  equally  placed  as  to 
number  and  distance  from  the  centre  there  is  correspondence 
of  phase:   for  instance  in  the  central  part  of  North  Massa- 
nutten  there  are  two  ridges  on  either  side,  the  inner  are 
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both  anticlinal  and  the  outer  are  both^the  rising  lim.bs  of 
the  succeeding  synclines. 
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Near  nodal  points  the  attitude  of  the  folds  is  usually- 
upright  symmetrical  but  the  longer  corrugations  are,  as  a 
rule,  overturned  in  their  central  portions.    The  series  of 
sections  given  in  the  accompanying  figure  (plate  2.)  repre- 
sents the  structure  of  the  Massanutten  sandstone  alone  and 
being  drawn  to  scale  gives  an  idea  of  the  proportion  be- 
tween the  thickness  of  the  stratum  and  the  dimensions  of 
the  folds. 

Lack  of  definite  horizons  has  made  it  impossible  to 
determine  the  general  lav/s  of  structure  in  the  Martinsburg 
formation.    In  no  instance  has  it  been  possible,  from  the 
most  careful  field  notes,  to  construct  a  section  which 
could  be  considered  reliable.   Frequent  changes  in  the  di- 
rection of  dip  with  much  rarer  differences  in  strike  indi- 
cate flexures  of  a  high  order  and  in  the  absence  of  beds 
easily  recognizable  together  with  more  than  occasional 
breaks  in  continuity  of  outcrop,  preclude  the  possibility 
of  determining  the  position  or  presence  of  broader  features 
comparable  to  the  second  order  folds  of  the  overlying  sand- 
stone. 
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It  is  in  accord  with  the  prevailing  ideas  of  the  be- 
havior under  def ornation,  of  rocks  differing  in  composition 
and  texture,  that  there  should  be  folding  in  the  thick, 
homogeneous,  and  by  no  means  strong  shale  which  is  not 
shared  by  the  more  resistant  rocks  above  and  below  it. 
Evidence  is  not  wanting  that  independent  crumpling  has 
taken  place,  but  it  is  worthy  of  remark  that  there  is  al- 
ways close  agreement  in  structure  between  the  upper  beds  of 
the  shale  and  the  sandstone  above  it,  and  between  the  lov;er 
beds  and  the  underlying  limestone.   Whereas  in  the  section 
from  Maurertown  to  Seven  Fountains  there  are  only  six  folds 
of  the  Massanutten  sandstone  in  the  four  and  a  half  miles 
between  its  limits,  no  less  than  seven  anticlinal  axes  are 
apparent  in  the  band  of  underlying  shale  about  two  miles  in 
width  from  its  contact  with  the  limestone  east  of  Maurer- 
town to  the  bottom  of  the  sandstone  in  the  mountain  ridge. 
On  the  east  side  of  the  area  there  is  an  equal  width  of 
shale  exposed  and  in  a  section  along  the  river  west  of 
Rileyville  eight  anticlines  are  to  be  made  out.   In  this 
section  the  limestone  at  the  base  is  overturned  and  though 
the  lowest  beds  of  the  shale  are  not  exposed  the  sandy  mem- 
ber is  soon  seen  dipping  70  to  the  southeast  and  continu- 
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ing  to  reappear  in  isoclinal  folds  nearly  to  the  bend  in 
the  river  where  the  folds  become  more  open  and  the  sandy- 
beds  pass  beneath  the  more  calcareous  beds  above.    This 
close  folding  is  undoubtedly  peculiar  to  the  shale  and  not 
shared  by  the  Shenandoah  limestone.   Another  section  il- 
lustrating the  greater  amount  of  folding  in  the  Martinsburg 
is  the  one  between  Strasburg  and  Riverton,  where  the  posi- 
tions of  more  than  twenty  folds  have  been  determined,  though 
this  figure  does  not  represent  their  total  number  since  ob- 
servations are  wanting  over  parts  of  the  section. 

CLEAVAGE  and  JOINTIN&.   In  the  homogeneous  shales  through 
out  the  entire  region  an  imperfect  cleavage  h.is  been  devel- 
oped and  frequently  is  a  source  of  difficulty  in  ascertain- 
ing the  true  strike  and  dip  of  stratification  planes  for 
which  it  may,  at  times,  be  mistaken.   Wherever  observed  the 
cleavage  strike  was  found  to  cross  that  of  the  rocks  at  an 
angle  of  about  20  ,  its  usual  course  being  N.  20  E.,  but 
locally  it  was  noted  as  due  1  north.    Similar  discrepance 
was  observed  by  Rogers  many  years  ago. 
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He  says:   "Cleavage  in  the  southeastern  Appalachian  region 
exhibits  a  steep  Southeasternly  dip;   but  it  is  interesting 
to  note  that  the  strike  of  the  cleavage  seems  not  to  coin- 
cide with  either  the  strike  of  the  Paleozoic  strata  to  v/hich 
it  belongs,  nor  yet  with  the  strike  of  the  previously  dis- 
turbed and  somewhat  syenitic  gneiss."    The  prevailing  dip 
of  the  cleavage  on  both  sides  of  the  mountain  is  to  the 
east  and  it  is  usually  steep,  ranging  from  60  to  80  with 
the  horizontal. 

When  jointing  is  to  be  made  out  there  are  always  two 
systems  nearly  at  right  angles  and  the  joint  planes  are 
usually  nearly  vertical.   At  Strasburg  the  principal 
jointing  has  a  direction  N.  10  K.  dipping  to  the  northeast 
85  ,  while  the  dip  in  the  second  systerri  normal  to  it  is  55 
to  the  southeast.   At  Edinburg  the  first  jointing  is  N.  75 
E.  with  the  dip  southeast  85  . 
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FAULTING.   Below  the  eastern  crest  of  North  Massanutten 
extending  from  Kennedy's  Peak  for  about  ten  miles  to  the 
northeast,  there  is  a  second  ledge  of  sandstone  which  has 
been  cut  into  a  series  of  knobs  by  the  waters  of  frequent 
springs.    The  sandstone  rises  in  a  sheet,  apparently  out 
of  the  underlying  shale,  to  a  height  of  over  100  feet,  then 
continues  more  gradually  with  the  exposure  of  the  ragged 
edges  of  the  strata,  to  a  somev/hat  greater  elevation,  here 
there  is  a  bench  free  from  sandstone  blocks  and  probably 
underlaid  by  a  shaly  rock  though  no  outcrops  are  known. 
Beyond  this  terrace  the  sandstone  again  rises,  this  time 
from  200  -  400  feet,  often  like  the  lov/er  ledge  slightly 
overturned  to  the  west,  but  with  essentially  the  same  dip, 
except  at  Kennedy's  Peak  where  the  inclination  in  the  high- 
er ledge  is  very  much  less  than  in  the  lower.    In  the 
lower  outcrop  there  is  much  evidence  of  dynamic  action  in 
very  perfect  slickensides . 

To  consider  these  two  sandstones  conformable  would  re- 
quire a  total  thickness  of  over  1200  feet,  about  twice  the 
usual  measure  of  the  formation.   Also  the  open  syncline 
given  by  Rogers  in  his  section  of  Massanutten  is  not  in 
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accord  with  the  facts,  since  the  first  depression  west  of 
the  high  ridge  is  not  anticlinal  as  represented,  but  an 
overturned  syncline.    There  remain  two  alternatives:  first, 
the  two  sandstones  are  the  two  licbs  of  a  very  close  syn- 
cline;  second,  there  has  been  dislocation.    If  there  is 
a  close  synclinal  fold  the  summit  of  the  ridge  on  the  outer 
limb  should  not,  in  the  light  of  later  physiographic  de- 
velopment, be  lower  than  that  on  the  inner  limb.    Any  or- 
dinary fault  would  be  open  to  the  same  objection  but  the 
feature  has  not  been  studied  with  the  minuteness  that  will 
warrant  the  assumption  of  complicated  displacement  of  the 
strata,  so  that  its  structure  is  still  an  open  question. 

A  somewhat  similar  problem  is  presented  by  the  break 
in  continuity  of  the  sandstone  in  Middle  Mountain  (North 
Massanutten)  where  the  Ivlartinsburg  shale  is  brought  to  the 
surface  at  an  elevation  of  1900  feet  by  a  pitching  anti- 
cline.   The  rising  limb  of  sandstone  forms  a  ridge  above 
the  2000  foot  contour  on  the  east,  but  on  the  west  the 
first  sandstone  is  exposed  in  an  inconspicuous  ridge  some 
200  feet  lower.    The  only  explanation  which  has  suggested 
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itself  is  that  of  a  stretch  fault,  by  which  the  sandstone 
was  pulled  away  to  allow  the  rise  of  the  Middle  Mountain 
arch. 

RESUlffi-   The  Massanutten  syncline  is  complex  flexure  in- 
volving a  thick  body  of  Paleozoic  sediments  consisting  of 
a  massive  limestone  about  3000  feet  in  thickness,  and  this 
by  a  massive  though  thinner  quartzite  sandstone  above  which 
there  is  present  a  considerable  thickness  of  fine  grained 
deposits  consisting  of  limestones  and  limy  shales. 

The  trend  of  the  great  fold  is  NE.  and  SV/.  and  it  is 
separated  into  several  structural  basins  by  reason  of  vari- 
ation in  axial  pitch  which  also  determines  the  length  of 
the  subordinate  folds.    These  folds  are  most  evident  in 
the  structure  of  the  sandstone  stratum  where  they  are  eas- 
ily follov/ed  as  rather  open  corrugations  often  overturned 
toward  the  center  of  the  system  and  constituting  the  great 
fold  a  normal  synclinorium.   Even  the  basal  limestone  is 
sometimes  overturned  toward  the  mountain  and  in  the  shale 
upon  the  east  side  of  the  area  isoclinal  folding  occurs 
with  its  dip  to  the  southeast.    It  cannot  be  said,  however, 

that  the  prevailing  dip  is  away  from  the  central  axis  of  the 
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area  though  this  is  the  case  in  the  sandstone  of  the  bound- 
ing ridges. 

Imperfect  cleavage  is  present  in  all  the  shale  forma- 
tions with  its  steep  dip  usually  to  the  east  and  its  aver- 
age strike  N.  20  E. 

Faulting  is  appealed  to  as  a  provisional  explanation 
of  the  flanking  knobs  of  sandstone  along  a  portion  of  the 
eastern  ridge  and  again  in  the  structure  at  the  Middle  Moun- 
tain gap,  but  in  both  cases  the  displacement  is  small. 


39 


TOPOGRAPMY. 

Having  already  considered  the  general  relations  of  the 
Massanutten  region  and  pointed  out  the  principal  topographic 
elements  thereof,  it  now  remains  to  give  a  more  detailed  dis- 
criptlon  of  these  physical  features. 

THE  MOUNTAIN  RIDGES.    The  ridges  of  Massanutten  Moun- 
tain, capped  in  every  case  by  the  Massanutten  sandstone,  are 
of  three  types:   monoclinal,  synclinal  and  a.nticlinal.    The 
general  synclinal  structure  of  the  region  being  known  it  is 
apparent  that  the  outer  rim-forming  ridges  are  monoclinal, 
while  the  outlying  members  of  the  system  (Short  Mountain, 
Lairds  Knob  spur,  and  its  companions  immediately  to  the  east) 
are  the  keels  of  Ion;;  synclines,  and  the  interior  ridges  are 
anticlinal.  These  last  comprise  the  ridges  v/hich  sepe,r£tt.e  t-he 
synclinal  side  valleys  from  the  deeper  Fort  valley,  North  and 
South  Middle  Mountains,  and  trro   or  three  others  of  less  im- 
portance. 

Wherever  two  ridges  unite  or  a  pitching  anticline  rises 
to  a  sufficient  height,  knobs  are  formed  which  rise  from  100 
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to  700  feet  above  the  adjacent  ridges.   The  following  tabula- 
tions of  elevations  are  taken  from  the  topographic  sheets  of 
the  U.  S.  Geological  Survey.    Table  1.  gives  all  the  principal 
peaks  v/ith  the  altitude  of  intervening  ridges;   read  from  left 
to  right  it  shows  approximately,  the  elevation  of  the  parallel 
ridges  at  the  same  latitude;   fro.^  top  to  bottom  it  gives  the 
figures  along  the  axis  from  NE.  to  SW.    Tables  Il£.nd  III.  give 
the  elevations  of  peaks  and  ridges  separately. 
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Proi7i  these  tables  it  is  seen  tha'.  the  difference  in  the 
elevations  reached  by  the  most  resistant  stratum  (the  Massa- 
nutten  sandstone)  has  a  maxinur  of  fully  1600  feet,  but  between 
the  two  extremities  of  the  mountain  it  is  only  half  this  fig- 
ure.   The  grouping  into  two  levels  i.s  well  shown  in  tables  II. 
'and  III.  as  is  also  the  intimation  tirat  there  is  a  rather  defi- 
nite distance-relation  between  them.   '^he  inob  at  the  southern 
end  of  Little  Fort  is  400,  700  am;  900  foot  higher  than  the 
respective  ridges  south,  northeast  and  north  of  it,  and  Short 
Mountain  reaches  a  like  elevation  (2700  feet);   Kennedy's  Peak 
is  600  feet  higher  than  the  gap  just  below  it  and  500  feet  a- 
bove  the  monoclinal  ridge  near  by;  Middle  Mountain  peak  rises 
600  feet  above  a  similar  gap  and  500  feet  above  the  succeeding 
ridge.   The  knobs  which  ter.minate  North  Massanutten  are  2800 
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feet  but  across  the  New  Market  gap  (elevation  1900  feet)  the 
peaks  are  only  2500  feet.     In  South  Massanutten  the  only 
marked  exaijiple  is  tlie  long  spur  which  connects  Lairds  Knob 
with  the  main  mountain;   like  Short  Mountain,  it  is  synclinal 
and  its  knob  is  the  hii::hest  point  in  the  Massanutten  system, 
(3300  feet)  and  is  500  feet  above  the  very  uniform  ridge  just 
east  of  it.    It  seems  rem.arkable  that  there  is  no  marked  rise 
at  either  extremity  of  the  mountain  for  though  in  both  cases 
there  is  a  pitching  syncline  but  the  increase  in  elevation  is 
only  a  matter  of  100  feet.    That  the  lower  or  ridge  level  is 
a  base-level  surface  does  not  admit  of  doubt,  but  there  is 
less  certainty  about  the  upper  or  knob  level.    It  seems  very 
possible  that  we  may  have  here  in  the  Massanutten  Mountain  the 
clue  for  correlating,  more  decisively  than  has  yet  been  possi- 
ble, the  Catoctin  and  Alleghany  base-levels  already  studied  in 
some  detail  by  Mr.  Arthur  Keith. 

THE  SHENANDOAH  PENEPLAIN.    Viewed  froF  a  slight  elevation 
the  floor  of  the  Shenandoah  valley  appears  as  a  broad  undulating 


^A.  Keith    Geology  of  the  Catoctin  Belt.    14th  Ann, 
Kept.   U.  S.  Geol.  Survey  1895. 
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plain  with  occasiohal  hills  rising  above  ita  general  level. 
This  surface,  which  nay  be  called  the  Shenandoah  peneplain, 
has  an  elevation,  near  Strasburg  and  Front  Royal  of  about  900 
feet  but  it  rises  gradually  toward  the  S\V.  attaining  a  height 
of  1500  feet  in  the  vicinity  of  Harrisonburg.    The  rocks 
which  have  been  reduced  to  this  level  are  principally  the  lime- 
stone and  shale  of  the  Great  Valley  but  within  the  Massanutten 
basins  it  is  usually  also  well  developed  in  the  uniform  rocks 
younger  than  the  Massanutten  sandstone.    The  latter  seems  to 
have  the  only  stratum  capable  of  withstanding  the  eroding  in- 
fluences.  Within  the  interior  valleys  this  old  erosion  plain 
has  a  higher  elevation  than  outside,  though- its  slope  is  about 
the  same,  for  in  The  Port,  where  axial  drainage  makes  direct 
comparison  possible,  it  rises  from  1000  feet  near  the  north- 
eastern end,  to  1300  feet  just  below  the  commencement  of  the 
Middle  Mountain  partition,  the  distance  being  only  twenty  miles 
In  the  Little  Fort  valley  the  divides  between  the  small  streams 
which  drain  its  central  part,  have  an  elevation  of  about  1700 
feet,  and  in  the  narrov/  drainage  basin  of  South  Massanutten 
there  are  sloping  terraces  above  1800  feet.    These  levels  and 
the  somewhat  greater  elevation  of  the  ancient  floor  of  The 
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Fort  valley,  are  the  result  of  local  base  levels  due  to  the 
resistance  which  the  Massanutten  sandstone  must  always  ha.ve 
offered  to  stream  corrasion,  especially  where  the  streair.s  have 
been  of  small  volu:-ne. 

In  the  valleys  of  both  branches  of  the  Shenandoah  river 
there  are  some  very  noticable  deposits  of  coarse  gravel  and 
cobble  stones  which,  though  their  distribution  has  not  been 
studied,  seem  to  be  confined  to  the  vicinity  of  the  rivers. 
Along  North  Fork,  the  deposit  is  mostly  made  up  of  rounded 
sandstone  fragments  but  in  the  other  valley  they  contain  also 
a  large  proportion  of  schist  porphyry  and  amggdaloid.   Hero 
the  material  is  also  v/ell  rounded  and  often  of  large  size, 
above  one  foot  in  diameter  in  the  case  of  certain  boulders  of 
a  dark  blue  quartzite.   Near  Rileyville  the  gravels  are  very 
well  developed  on  both  sides  of  the  river  and  in  the  railroad 
cuttings  south  of  the  station  are  exposed  to  a  depth  of  twelve 
or  fifteen  feet.   At  this  place  the  deposit  is  over  100  feet 
above  the  bed  of  the  river. 

THE  DRAINAGE.  The  present  drainage  of  the  Massanutten 
area  h£is  cut  the  Shenandoah  base  level-surface  into  deep  in- 
taglio and  the  modern  streams  are  flowing  fT"On:  200  to  300  feet 
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belovv  the  older  level.   The  courses  of  the  principal  streans 
are  parallel  to  the  general  trend  of  the  Shenandoah  valley  and 
the  rock-strike;   thus  both  branches  of  the  Shenandoah  river 
follow  the  contact  of  the  limestone  and  shale  and  flow  from 
one  to  the  other  with  apparent  indifference.    This  is  true 
also  of  Smithes  creek  which  florrs  along  the  southern  half  of 
the  western  boundary  of  the  area  under  consideration.    The 
course  of  Passage  creek  is  also  axial,  as  is  that  of  the  other 
mountain  streams  until  they  leave  the  interior  basins,  when 
they  turn  at  ri<^ht  angles  to  join  the  master  stream. 

The  two  rivers  are  extremely  crooked,  which  is  the  more  no- 
ticeable  in  that  their  'grades  are  corrasion  rather  than  solu- 
tion slopes.    Imperfection  of  stream  adjustment  is,  moreover, 
seen  in  the  irregular  distribution  of  grades,  for  the  fall  per 
mile  (reckoned  between  the  hundred  foot  contours)  varies  from 
4.."^  feet  to  11.7  feet.    The  average  fall  pei"  mile  is  7.59 
feet  for  South  Pork  and  8.20  feet  for  North  Fork.    The  var- 
iations in  declivity  are  well  shov/n  in  the  accompanying  dia- 
gram where  the  vertical  represents  fall  in  feet,  and  the  hor- 
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izontal  river-length  in  miles.   The  slope  is  represented  as 
uniform  between  the  hundred-foot  contours.    The  distance  be- 
tween the  500  foot  and  the  1000  foot  contours  on  Soi'th  Fork 
is  four  !niles  greater  than  on  North  Pork.   Both  rivers  have  a 
much  greater  slope  above  and  beloY/  the  700  i^nd   900  foot  con- 
tours than  in  the  interval  betv;een  them,  Y/hich  is  very  nearly 
equal  in  either  case. 


too 


S-So^UForK,  N:^Noy-i.\FoyK,  P^Psssa^^  Creek. 


Passage  creek  is  in  one  rpspect  a  remarkable  stream  for 
unlike  the  ordinary  stream  flowing  in  a  canoe-valley  it  finds 
its  exit  through  a  gap  of  its  own  excavation  in  the  very  prow 
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of  its  lone  basin,  and  this  in  spite  of  the  fact  that  at  least 
two  wind  gaps  cive  evidence  of  former  possible  outlets  throu.gh 
the  lateral  ridges. 

Besides  draining  the  great  synclinal  basin  of  North  Massa- 
nutten  Passage  creek  also  drains  the  larger  part  of  the  area 
between  the  main  ridges  and  Short  Mountain.    Those  waters  it 
receives  through  a  gap  in  the  sandstone  rim  which  has  an  ele- 
vation of  less  than  1300  feet.   Between  this  gap  and  the  exit 
of  Passage  creek  there  is  a  fall  of  600  feet.    This  makes  the 
grade  within  The  Port  about  30  feet  per  mile  which  is  noticably 
less  tha.n  in  the  portion  of  the  streejn  outside  of  the  mountain, 
where  it  is  approximately  50  feet  per  cile.    This  is  a  good 
illustration  of  a  secondary  base  level  detenriined  by  a  resist- 
and  stratum. 

RESUTffi.    In  trie  Massanutten  area  topography  is  closely 
related  to  stratigraphy  and  structure.   The  most  resistant 
rocks  are  found  to  outcrop  at  the  greatest  altitudes  and  the 
drainage  basins  between  the  ridges  to  coincide  with  structural 
basins  from  v.'hich  the  more  easily  eroded  rocks  have  been  re- 
moved. 
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The  ridges  and  peaks,  which  are  capped  by  the  M  .ssanutten 
sandstone,  seem  to  belong  to  separate  periods  of  base  leveling 
since  the  former  are,  in  general,  about  500  feet  higher  than 
the  latter.    The  effect  of  later  erosion  is  seen  in  the  re- 
duction of  the  lesG  durable  limestones  and  shales  to  a  base 
level  surface  about  1200  feet  below  that  of  the  mountain 
ridges,  and  also  by  the  dissection  of  this  surface  by  the  pres- 
ent streams.   Bordering  both  branches  of  the  Shenandoah  river 
there  are  extensive  deposits  of  coarse  gravel  which  have  not, 
hov/ever,  been  investigated.    The  rivers  themselveB  are  of 
peculiar  interest  because  of  their  meandering  courses,  steep 
declivity  and  the  irregular  distribution  of  their  grades. 
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GEOLOGICAL  HISTORY 


1.  DEPOSITION, 


EARLY  PALEOZOIC  PERIOD.   The  interpretation  of  the  earliest 
sediments  occurring  in  the  Appalachian  region  of  Northern  Vir- 
ginia and  Maryland  has  been  made  the  subject  of  careful  study 
by  I.'r.  Arthur  Keith.    In  an  area  adjoining  the  Gi^eat  Valley 
he  has  shown  that  the  sea  advanced  eastward,  in  lower  Cambrian 
time  over  a  land-surface  which  was  not,  in  ''diversity,  unlike 
that  of  the  present  day.    This  transgression  resulted  in  the 
deposition  of  basal  deposits  of  variable  and  composite  charac- 
ter and,  conquest,  of  the  land  being  continued,  the  main  current 
became  so  regulated  that  complete  sorting  of  materials  was 
made  possible,  and  shales  and  sandstones  were  deposited.   Fi- 
nally, with  continued  depression,  the  amount  of  clastic  sed- 
iments was  reduced  and  the  deposition  of  the  Shenandoah  lime- 
stone accomplished.    This  forration  I.'r.  Keith  believes  to 
have  been  spread  in  a  continuous  sheet  over  the  present  site 
of  the  Blue  Ridge. 


'a.  Keith.    Geology  of  the  Satoctin  Belt.  14th  Ann, 
Rept.  U.  S.  Geol.  Survey  1893. 
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SI lENANDOAJ-.'  PERIOD.   The  conditions  which  prevailed  .  during 
the  formation  pf  the  Shenandoah  limestones  are  outlined  by 
Mr.  Keith  in  the  following  v^ords:    "The  cause  of  the  change 
from  silicious  to  calcareous  sediment  at  the  beginning  of 
Shenandoah  time  receives  but  little  elucidation  from  the  facts 
of  this  region  (The  Catoctin  belt)  .    It  is  obvious,  however, 
that  the  change  vras  continental,  so  that  the  solution  which 
fits  other  areas  will  also  be  suitable  here. 

At  first  thought  subsidence  will  be  appealed  to  as  the 
cause,  since  limestones  are  .-r.ore  in  the  nature  of  sea  than 
shore  deposits.    In  the  region  of  the  Catochin  belt  subsid- 
ence was  but  another  step  in  tlie  direction  already  pursued.... 
The  unavoidable  inference  from  these  facts  is  that  with  the 
beginning  of  Shenandoali  deposition  came  depression  and  sub- 
mergence of  considerable  areas  of  land  ...  .\7i thin  the  lime- 
stone body  at  some  horizon  came  the  change  from  Ccjnbrian  to 
Silurian. " 

After  discussing  the  sequence  and  distribution  of  shales 
in  the  lower  part  of  the  Shenandoah  and  of  the  sandy  and  shaly 
beds  in  the  middle  pa.rt,  he  continues:    "In  these  series  of 

'Op.  Cit.  p.  ;^37,  ct  !,eq. 
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facts  several  general  relations  stand  forth  between  organic 
and  inorganic  systems.    The  lower  limestones  conta.in  lov/cr 
Cambrian  fossils.    The  medial  slate  and  sandstone  group 
gives  evidence  of  instability  of  environment,  and  a  slight 
reversal  of  the  process  of  submergence.    These  rocks  contain 
a  fauna  of  lower  Cambrian  age  with  other  fonns  suggestive  of 
middle  Cambrian.   Tl^e  upper  limestones  are  defined  by  lower 
Silurian  fossils.   Breaks  of  the  organic  series  occur  in  the 
slate -sandstone  horizon,  therefore,  from  lower  to  middle  Cam- 
brian, and  from  middle  through  upper  Cambrian  to  Silurian. 
It  is  natural  to  infer  a  causative  connection  between  these 
breaks  and  the  oragraphic  movement  occurring  at  the  same 
t  ime .... 

To  sum  up,  the  Shenandoah  limestone  resulted  from  the 
perfect  adjustment  of  erosion  and  sedimentation,  giving  a  uni- 
forn  product  over  very  wide  areas  and  lasting  for  a  very  long 
time.    It  was  initiated  by  depression  which  must  have  been 
great  to  allov;  for  its  considerable  thickness,  5000  feet,  and 
which  was  not  simul.taneous ,  since  it  was  interrupted  by  erosion 
along  its  eastern  margin.    Its  land  masses  must  have  been  of 
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considerable  height  to  escape  submergence,  yet  the  fine  sed- 
iment that  they  furnished  shows  a  perfect  strearn  adjustment 
and  good  progress  in  degradation  to  baselevel.    It  marks,  in 
short,  the  caliomniation  of  the  process  of  depression  and  deg- 
radation which  was  initiated  in  Loudon  (earliest  Cambrian) 
time." 

L'jVRTINSBURG  PKI'JOL.   The  marked  difference  in  the  character 
of  the  Shenandoah  and  Martlnsburg  formations,  when  account  is 
taken  of  the  great  mass  of  each,  leaves  no  doubt  that  the  dis- 
placement of  the  limestone  by  shales  must  be  significant  of 
important  changes  in  the  pre-existing  relations  of  sea  and 
land.    The  perfection  of  the  passage  between  the  two  forma- 
tions with  continuous  deposition  is,  however,  sufficient  to 
show  that  whatever  revolutions  may  have  brought  about  these 
changes  the  Massanutten  area  was  remote  from  the  position  of 
their  maximum  manifestation.    In  other  words,  the  open  sea 
conditions  which  prevailed  during  Shenandoah  time  were  not 
changed  to  any  great  degree.    The  I.Iassanutten  phase  of  the 
Martinsburg  was  then,  an  off-shore  d6posit,and  as  such  offers 
a  generalized  record  of  the  events  transpiring  in  the  course 
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of  its  formation  which  would  have  been  more  or  less  hidden 
by  the  detail  of  deposits  formed  in  the  littoral  zone,  where 
every  oscillation  large  or  small,  v/ould  have  left  its  mark. 
'jiThe  features  of  the  :-artinsburs  formation  have  been  fully  de- 
scribed in  another  place,  but  the  essential  points  for  trie 
interpretation  of  events  are:   at  the  bottom,  fine  clay  shales 
alternating  with  thin  bands  of  limestone,  above  this,  calcar- 
eous shale  carrying  mica  often  ripple  marked,  and  intercalated 
v/ith  it  sandy  shale  containing  fragments  of  chert  derived 
from  the  Shenandoah  limestone;   and  lastly  the  greater  part 
of  the  formation  which  is  increasingly  calcareous  toward  the 
top. 

^/Tiile  there  are,  in  general,  two  factors  which  may  be 
instrumental  in  bringing  the  loose  materials  of  a  previously 
base  leveled  continent  under  the  action  of  the  sea,  i.e.  cli- 
matic change  and  continental  deformation,  the  first,  if  it 
was  an  element  in  the  present  case  at  all,  is  indeterminate, 
and  was  at  best  subordinate  to  the  second. 

Appealing  then  to  deformation,  it  will  be  seen  that  an 
advancing  sea  would,  beside  bringing  the  old  land  surface 
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under  direct  wave  action,  render  those  parts  of  the  continent 
in  which  there  may  have  been  greater  relief,  more  available  as 
a  source  of  sediment  by  decreasing  their  distance  from  shore. 
Taken  with  the  shallowing  of  the  wa'er,  which  is  necessary 
for  increased  transportation  by  marine  currents,  this  lowering 
of  the  land  constitutes  a  landward  tilting  abput  an  axis  west 
of  the  shore  line.    The  strongest  evidence  in  favor  of  the 
viev/  is  the  occurrence  of  slates  of  probable  Hudson  age,  far 
east  of  the  Blue  Ridge  in  Buckingham  county  Virginia/  Mr. 
Keith  argues  fror:  this  occurrence  that  the  Martinsburg  forma- 
tion (equivalent  in  pari  with  the  Hudson  shales)  once  contin- 
ued over  the  Blue  lUdge  and  overlapped  the  Shenandoah  lime- 
stone.    Mr.  Keith  says.   "Prom  the  above  facts  it  is  claar 
that  the  close  of  the  Shenandoah  limestone  was  caused  by  vfide- 
spread  dynamic  action  and  continental  movements.    In  the 

'  N.  H.  Darton.  Fossils  in  the  "Archaean"  rocks  of  central 
Piedm.ont  Virginia.    A.  J.  S.  63)  vol.  44,  p.  50. 

*"0p.  cit.  p.  3i4. 
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region  under  discussion  the  movement  was  plainly  tilting, 
elevation  in  Ohio  and  depression  in  eastern  Virginia.    In 
other  cases  it  was  mainlj'  elevation  of  smaller  tracts  along 
the  shore . " 

The  other  cases  referred  to  by  I':r.  Keith  in  which  eleva- 
tion seems  to  have  been  more  local,  are  founded  on  an  erosion 
interval  between  the  great  lim.estone  and  the  shales  which 
follow  it,  so  that  the  explanation  given  by  him  for  the  origin 
of  Martinsburg  conditions  is  not  in  accord  with  the  order  of 
events  clearly  recognized  in  the  areas  cited/   Also  in  the 
light  of  the  Ivlassanutten  sediments  it  seems  to  be  certain  that 
there  was  no  marked  advance  of  the  sea  during  Martinsburg 
time  . 

On  the  other  hand,  a  retreating  sea,  laying  bare  a  por- 
tion of  the  sea  floor,  v;-ould  be  the  result  of  continental  ele- 
vation decreasing  the  depth  of  the  sea  and  increasing  the 
height  of  the  land  thus  bringing  about,  at  once,  more  compe- 
tent drainage  and  the  possibility  of  stronger  marine  currents. 

'For  these  references  see  Mr.  Keith's  paper  p.  344. 
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This  sug/^estion  as  to  the  nature  of  the  deformation  which 
closed  Shenandoah  tine  is  supported  by  a  study  of  the  iv'o.rtins- 
burg  sequence,  already  presented. 

\7herever  the  Shenandoah  shore  maj'  have  been,  it  is  almost 
certain  that  between  it  and  the  first  outcrops  of  the  lime- 
stone now  exposed  there  were  extensive  deposits  of  shale  con- 
stitutinc  the  littoral  facies  of  sedimentation  during  a  long 
period  of  low  relief  in  the  adjacent  lands.    These  shales 
could  hardly  have  contained  much  coarse  material  because  of 
the  adolescent  character  of  the  existing  drainage,  though  the 
possibility  of  some  such  detritus  is  to  be  recognized, since 
the  sea  may  have  been  at  tim.es  transgressing  the  old  land  sur- 
face.  Also  somewhere  near  the  top  of  the  Shenandoah  series, 
but  of  unknown  extent  landward,  there  v/ere  chert  beds  probably 
not  included  hov/ever  in  the  shore  deposits,  nor  yet  overlaid 
by  them,  but  passing  into  them  horizontally. 

With  these  conditions  in  mind,  and  with  the  further  as- 
sumption that  there  remained  an  eastward-lying  land-mass  cov- 
ered with  a  deep  residual  mantle,  the  general  applicability 
of  t?:e  elevation  hypotiiesis  to  t'ic->  .vi-lgin  o''  the  M^U'tinsburg 

sedim.ents  is  at  once  apparent. 
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The  accession  of  the  v/aves  to  the  Shenandoah  shales, 
with  conditions  of  carriage  variable  though  slightly  increased, 
accounts  very  well  for  the  fine  clays  alternating  v/ith  lime- 
stone bands  at  the  base  of  the  formation,  while  the  complete 
establishment  of  shale-  over  limestone  may  indicate  a  further 
slight  uplift  with  shallowing  of  the  sea.    Up  to  this  time 
the  comminution  of  wave  derived  material  was  very  complete  and 
only  the  very  finest  particles  reached  the  Massanutten  area, 
but  during  the  culmination  of  uplift,  which  is  recorded  in  t]:e 
sandy  layers,  though  carriage  was  effective,  grinding  was  not 
complete,  for  the  very  refractory  chert  and  quartz  fragments 
are  accompanied  by  flakes  of  dark  shale  and  sometimes  even  by 
feldspar.      This  would  doubtless  indicate  that  the  waves 
were  handling  a  large  amount  of  debris  much  of  which  must  have 
bean  wave-derived,  since  the  chert  could  have  come  only  from 
the  underlying  limestone, and  the  shale  fragments   from  older 
shales  near  by.    The  quartz  and  infrequent  feldspar  alone 
seem  to  have  been  brought  in  by  streams,  though  only  the  latter 
necessari:ly  requires  this  explaiiati on ^ since  the  quartz  could 

easily  have  had  its  i.mmediate  origin  in  the  rocks  upon  which 
the  waves  v/ere  at  work.   Following  out  this  hypothesis  it  is 
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necessary  to  suppose  that  the  recession  o±    the  sea  had  la.id 
bare  a  broad  zone  of  the  sea  floor,  from  \rhich  the  v/aves  had 
removed  probably  the  greater  part  of  the-  argillaceous  rocks 
if  these  ever  covered  the  chert  beds—  or  if  there  was  hori- 
zontal passage  between  the  two, the  amount  of  emergence  must 
have  been  even  greater. 

During  the  deposition  of  the  sandy  beds  the  sea  had  that 
indefinitely  moderate  depth  at  v/hich  ripple  works  are  possible, 
though  conditions  of  either  supply  or  transportation,  or  both, 
were  not  constant,  for  very  calcareous  shales  are  intercala'ed 
with  the  sandy  layers.    In  the  upper  member  of  the  Martins- 
burg,  the  increasing  proportion  of  lime  Ccin  only  be  explained 
by  the  diminished  competency  of  m.arine  currents,  at  least  in 
their  relation  to  the  region  under  discussion,  though  they  were 
in  all  probability  still  effective  farther  east  toward  the 
shore,  in  which  case  the  zone  of  maximum,  deposition  must  have 
been  likewise  shifted  in  the  same  direction.   A  thickness  of 
2000  feet  for  these  calcareous  shales  is  evidence  of  the  con- 
tinuance of  the  sar.:e  conditions  during  their  deposition  and  it 
is  probable  that  the  position  of  the  shore  was  practically  un- 
changed throughout  upper  Martinsburg  time. 
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What  pa^rt  the  rivers  may  have  taken  in  furnisbing  sediments 
is  not  to  be  r.^ade  out  from  any  rocks  nov;  availab^-e;   certainly 
the  Massanutten  phase  was  too  far  from  shore  to  give  the  data 
required,  so  that,  while  it  rnay  be  taken  as  proved  that  there 
was  uplift   to  allov,-  of  recesr.ion  of  the  sea,  it  is  by  no 
means  certain  that  the  entire  continent  was  raised  to  a  com- 
mensurate amount.    Indeed,  the  disturbance  may  have  been 
localized  near  the  Shenandoah  shore  and  the  general  uplift 
have  been  rioderate,  though  sea-ward  it  was  certainly  enough 
to  cause  noticable  decrease  in  depth  of  water. 

MASSAIIUTTEN  PEKIOD.   The  second  period  of  great  change  is 
expressed  in  the  sediments  which  follov  the  fossiliferous 
capstone  of  the  Martinsburg  shale.    The  disturbances  at  this 
time  initiated,  were  to  unlock  the  store  of  coarse  m.aterial 
which  had  been  collected  and  prepared  during  the  deposition 
of  the  preceeding  limestones  and  shales. 

The  concentration  of  the  more  resistant  products  of  rock- 
decay  for  the  formation  of  extensive  sandstones  is  a  process 
of  great  complexity.   During  the  early  part  of  a  topograpjiic 
cycle,  when  denudation  exceed^:  decomposition,  the  numerous 
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rapid  streams  deliver  to  the  sea  large  quantities  of  a  coarse 
materials  of  a  mixed  composition  which  may  be  partialljr  sorted 
by  the  waves  and  somewhat  widely  distributed  by  marine  cur- 
rents;  but  as  the  drainage  becomes  more  mature  tliere  will  be 
a  tendency  for  stream  derived  detritus  to  accumulate  at  the 
mouths  of  large  rivers,  often  without  much  wave  washing.    The 
deposits  in  either  case  will  be  more  or  less  heterogeneous, 
and  the  same  will  be  true  of  the  deposits  derived  by  a  trans- 
gressing sea   from  a  land-surface  covered  wif:-  a  deep  residual 
mantle.    Such  coarse  grained,  heterogeneous  deposits  would 
be  confined  to  a  rather  narrow  littoral  zone, but   if  a  slight 
elevation  of  the  land  should  bring  thexii  a  second  time  under 
the  action  of  the  waves,  they  v;ould  be  resorted,  the  less  re- 
sistant components  would  be  largly  ground  up  and  removed  as 
fine  silt,  and  the  zone  of  coarse  deposition  would  be  moved 
seaward.    The  rivers  would  be  bringing  fresh  material,  but 
with  continued  slow,  or  intermittent  rise  of  the  land  accom- 
panied by  marine,  planation, these  and  the  older  surviving  ma- 
terials becoming  mingled,  the  final  result  would  be  a  mass  of 
sand  and  pebbles  composed  almost  entirely  of  quartz. 
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In  the  Massanutten  formation  the  points  in  evidence  are 
the  micaceous  slale  passing  through  sandy  shale  and  sand, into 
the  very  coarse  conglomerate  made  up  of  quartz  and  chert  peb- 
ples  in  a  finer  matrix,   the  sharp  replacem.ent  of  the  conglom- 
erate by  a  thin  somewhat  sandy  shale, and  the  equally  abrupt 
appearance  of  a  sandstone,  made  up  entirely  of  quartz,  coarse 
in  its  lov/er  beds  but  becoming  finer  above. 

Considering  first  the  chert  pebbles,  they  v/ere  derived 
either  from  the  zone  of  limestone  uncovered  at.  the  beginning 
of  Martinsburg  tim.e,  or  from,  the  shore  deposits  of  that  forma- 
tion.   In  the  first  case  the  sea  must  have  advanced,  since  so 
large  a  quantity  of  residual  chert  could  not  have  been  brought 
together  from  an  area  so  lim.ited,  by  the  activity  of  running 
water.     In  favor  of  this  explanation  is  the  prepondenance  of 
chert  over  quartz  in  the  conglomerate  below  the  shale  part- 
ingj^its  alm.ost  complete  absence  in  the  upper  sandstone  mem- 
ber;  against  it  is  the  large  size  of  the  pebbles,  requiring 
offshore  currents  of  extraordinary  power. 

The  sfcond  hypothesis  is  the  more  attractive,  and,  ac- 
cepting it,  the  events  may  have  been  somewhat  as  follows: 
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during  Llcirtinsbur^  time  coarse  deposits  were  formei'  betv/eon 

Massanutten  and  the  shore  and  it  seems  as  though  there  may 

our 

have  been  a  coastal  plain,  not  unlike  that  bordering  present 

Atlantic,  over  which  the  sea  swept  from  time  to  tine  covering, 
in  all  probability,  the  previously  exposed  chert  beds,  and  that 
the  earth  movement  which  closed  the  shale  period  caused  a  com- 
paratively sudden  retreat  ox  the  sea, which  brought  the  shore 
line  near  to  the  position  held  at  the  'eginning  of  the  Mar- 
tinsburg  period.   At  this  time  the  bottom  shales  of  the  Ilas- 
sanutten  formation  were  deposited  and  with  continued  elevation 
of  the  land,  the  shore  deposits  formed  during  the  erosion  of 
the  chert  were  reached  by  the  waves,  and  the  shore  was  then 
farther  west  than  it  had  been  at  any  time  previous.    It  must 
have  been  very  near  the  Massanutten  recion,  for  pebbles  an 
inch  and  a  half  in  diameter  could  not  have  been  bro'jght  from 
any  great  distance. 

There  are  several  ways  in  which  the  shale  band  may  have 
been  introduced,  but  there  are  not  sufficient  data  for  discri.mi- 
nating  between  them.    The  simplest  explanation  is  to  suppose 
that  the  seaward  currents  were  weakened  by  deepening  water, 
and  that  the  sandy  clay  v/as  the  only  clastic  material  which 
they  were  capable  of  carrying. 
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V.Taatever  the  intermediate  oscillations  may  have  been, 
resumption  of  silicdous  deposition  found  the  shore,  once 
more  not  far  from  the  area  under  consideration,  if  the  con- 

glbmeratic  character  of  the  first  deposits  may  be  considered 
a  criterion.    Powerful  currents  must  have  swept  the  shale 

clean  and  carried  over  it  very  much  arenaceous  material  before 
deposition  began.    In  the  thick  sandstone  which  follows,  the 
ubiquitous  cross-bedding  is  indicative  of  conflicting  currents 
such  as  might  result  from  strong  tidal  currents  meeting  a  pow- 
erful under'~tow,  but  there  is  no  evidence  of  varying  condi- 
tions of  environment.    The  unity  of  this  nem.ber  of  the  form.a- 
tion  is  in  favor  of  the  assumption  that  the  period  which  it 
represents  was  one  of  quiescence,  in  which  the  only  changes 
in  the  relation  of  land  and  sea  were  those  brought  about  by 
marine  or  subaerial  denudation.    Under  such  conditions  the 
shore  facies  of  the  preceeding  formations,  having  been  well 
washed  in  the  manner  already  outlined,  would  be  effectively 
re-worked  and  widely  distributed. 

From  the  greater  quantity  of  coarse  gravel  in  the  central 
part  of  the  area  it  seem.s  possible  that  opposite  the  Massanut- 
ten  area,  during  both  Shenandoah  and  Martinsburg  time,  there 
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may  have  been  the  mouth  and  delta  of  a  great  river. 

The  nature  of  the  moveirient  with  which  the  L^assanutten  per^. 
iod  began  is  most  simply  and  satisfactorily  explained  as  a  di- 
rect uplift  -A'ithout  tilting,  but  evidence  is  entirely  wanting 
to  show  whether  it  may  not  have  been  diferential,  with  local 
folding  along  a  coastal  zone;   but  whatever  the  movement  may 
have  been  it  produced  shallowing  of  the  sea, and  these  condi- 
tions were  not  seriously  interrupted  until  over  800  feet  of 
sand  had  been  spread  over  a  wide  area. 

ROCKWOGD-LEV/ISTO^J  PERIOD.   The  change  In  color  from  white  tc 
red  and  the  appearance  of  considerable  quantities  of  mica  has 
been  made  the  basis  of  separating  the  Rockwood  from,  the  Massa- 
nutten  formations,  since  the  physical  conditions  under  which 
the  two  were  deposited  must  have  been  very  different.    The 
Rockwood  formation  is  extremely  variable,  comprising  sand- 
stones, shales  and  limestone^,  but  characterized  by  the  large 
amount  of  iron  which  it  contains.    Also  in  the  Lewistov/n  for- 
mation, though  limestone  ma,kes  up  the  greater  part,  it  is  ac- 
companied by  sands  cOid  clays.    The  only  differences  seem  to 
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be  the  greater  proportion  of  calcareous  matter  and  the  absence 
of  red  color,  and  it  Is  impossible,  at  least  upon  physical 
grounds,  to  separate  these  formations  at  any  definite  horizon. 

It  is  very  difficult  to  reach  any  conclusion  as  to  the 
conditions  under  -vv^hich  the  Rockwood  formation  was  deposited. 
Any  time  theor;'  must  be  applicable  to  the  wide-spread  formation 
which  carries  the  "fossil  ore'",  as  a  whole,  and  for  its  formu- 
lation would  require  an  extended  knowledge  of  the  different 
occurrences.    It  may  not  be  out  of  place,  however,  to  suggest, 
some  possible  changes  which  m.ay  have  transpired  to  bring  about 
the  difference  between  the  Rockwood, and  the  Massanutten  for- 
mations at  their  contact,  and  to  attempt  to  show,  in  c.   general 
way,  the  sequence  of  events  connecting  it  with  the  next  terrane 
above . 

If  the  inferences  already  set  forth  regarding  the  origin 
of  the  Massanutten  sandstone  be  accepted,  the  question  becomes 
pertinent  whether  the  shales  and  limestones  which  follow  it 
may  not  represent  the  latest  depositional  phases  of  a  topo- 
graphic cycle  initiated  by  elevation  in  early  Massanutten 
time,  and  in  general,  this  explanation  seem.s  to  be  applicable. 

Marine  planation  having  continued  throughout  the  deposi- 
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tlon  of  the  white  sandstone  it  lo  supposable  that  the  sea  had 
cut  its  way  across  the  old  littoral  deposits,  possibly  with 
the  aid  of  a  slight  sinking  of  the  land,  and  reached  a  region 
of  deeply  decomposed  crystalline  rocks.    V/ith  the  large  a- 
mount  of  heterogeneoi'S  r.aterials  which  the  wa.ves  might  then 
receive,  they  would  not  be  able,  with  a  single  t.-eatment,  to 
efficiently  sort  or  disintegrate.    The  result  would  be,  with 
the  strong  currents  of  the  Llassanutten  period  still  in  force, 
the  transportation  and  deposition  of  materials  of  mixed  compo- 
sition, but  graded  fro;;;  coarse  to  fine  with  Increased  distance 
from  shore.    The  gradual  passage  from  sandstone  to  shale  may 
represent  either  a  gradual  decrease  in  the  material  received 
by  the  waves  or  what  is  more  probable  a  partial  checking  of 
current  by  slightly  deepening  water,  perhaps  accompanied  by 
farther  advance  of  the  see,.   liVith  the  cessation  of  clastic 
materials  the  beds  which  now  bear  the  limonite  ores  vv-ere 
formed,  after  which  lemd-derived  detritus  was  again  brought 
in, and  a  period  of  oscilation  recorded  in  the  alternation  of 
rocks  of  different  character.  Such  oscillations  would  give 
rise  to  a  coastal  plain  upon  which  the  materie.ls  for  a  subse- 
quent coarse  formation  would  be  ,  scoured  and  sorted.    Indeed 
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the  process  had  gone  far  toward  completion  for  in  the  upper 
part  of  the  Rockwood  there  is  a  persistent   though  thin,  ba.nd 
of  quartz  it e,  made  up  of  perfectly  clean  quartz  grains  of  unifor 
size.   This  stratum  must  mark  ffye   greatest  of  the  Eany  recess- 
ions of  the  sea,  and  in  its  constant  character  over  the  region 
west  of  the  Great  Valley^  denotes  that  the  sea  had  a  unifonn 
depth, both  before  and  during  its  deposition.    Above  the  white 
sandstone,  shales  grading  upward  into  red  sandstones  followed 
again  by  calcareous  shales,  bear  witness  to  continued  variation 
of  environment,  but  the  records  are  those  of  a  rather  shallow, 
though  deepening  sea  at  a  distance  from  shore. 

During  all  this  time  the  land  has  been  undergoing  erosion 
and  a  slight  depression  of  the  la.nd  might  have  allov/ed  trans- 
gression, with  the  formation  of  tidal  flats, and  thus  decreasing 

materials  of  a  clastic  origin,  have  given  rise  to  '    condi- 

favorable 
tions^for  limestone  deposition  through  the  instrumentality  of 

marine  organisms , the  shells  of  which  make  up  so  large  a  ^art 

of  the  Lewistown  limestone.    But  even  here,  though  limestone 

preponderates,  there  are  intercalations  of  limy  shale  and  of 

sandstone . 

'See  Staunton  Polio.  U.  S.  Geol.  Survey.  1894. 
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This  hypothesis,  general  as  it  is,  seems  to  be  for  the 
most  part,  in  harmony  v»-ith  the  stratigraphy,  but  it  is  a  nat- 
ter of  doubt  whether  the  ferruginous  coating  of  sand  grains 
could  survive  the  long  carriage  which  it  demands.    The  sharp 
change  from  white  to  r  d  sandstone  seems  to  indicate  that  the 
red  color  must  have  been  original  v/ith  the  component  material 
for  secondary  infiliation  would,  in  all  likelihood,  have  caused 
permeation  of  the  subjacent  beds  of  the  older  formation.   Re- 
garding this  matter,  then,  there  seems  to  be  some  conflict  of 
evidence . 

MONTEREY  PERIOD.    During  the  formation  of  the  great  sand- 
stone and  the  red  sands  and  cla^'^s  which  followed  it,  the  land 
had  been  in  large  part  cleared  of  the  residues  resulting  from 
earlier  removal  of  soluble  constituents:   corrasion  was  in  ex- 
cess of  solution;  but  before  the  close  of  the  Rockwood  period 
and  while  the  limestone  was  being  laid  down,  the  reverse  was 
true.   Hov/ever  in  these  terranes  we  have  good  evidence—  in 
their  variformity —  of  the  existence  of  a  coastal-plain.    The 
conditions  were  essentially  those  outlined  on  a  previous  page; 
land  derived  material  v/as  sorted  and  separated,  the  fine  par- 
ticles were  carried  away  and  the  coarser  portions  left  to  ac- 
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ciimulate . 

Prepared,  then, in  a  manner  similar  to  the  Masaanutten 
materials,  the  final  distribution  o-    the  Monterey  sediments, 
as  in  the  previous  case,  was  the  result  of  an  upward  earth- 
movement  . 

The  sharp  contact  of  the  conglomerate  Monterey  sandstone 
with  the  upper  shales  of  the  Leviristown  formation  is  evidence 
of  very  energetic  currents  and  therefore,  presumably  of  a  very 
shallow  sea.    Scouring  currents  became  so  efficient  that  any 
transition  beds,  which  may  have  been  originally  laid  down, 
were  entirely  removed,  and  before  deposition  wap  again  per- 
mitted a  very  large  amount  of  sand  and  gravel  must  have  been 
swept  i^cross  the  shiillow-water  zone  and  out  to  the  sea. 

A  period  of  rest  following  the  initial  uplift  allowed  the 
accumulation  of  the  s;.ndstono,  but  hov/  great  a  thickness  it 
may  have  reached  cannot  be  determined  for  the  general  elevation 
was  resumed  and  continued  until  a  veiy  largo  area  of  the  for- 
mation was  exposed  to  sub-aerial  erosion. 


^ See  M.  K.  Campbell  on  Paleozoic  Overlaps  in  Virginia. 
Bull.  Geol.  Soc.  Am.  vol.  ',  1894,  pp.  171  -  190.  and,  N.  H. 
Darton  on  the  Stratigraphy  of  Appalachian  Virginia,  Am. 
Geologist  vol.  10,  1692^  p^  16;  also  the  s^a-^^^o^-  Folio. 
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With  tl:is  erosion  tl.e  origin  of  the  Kcinganese  ores  of 
Little  Port  valley  is,  with  little  doubt,  to  be  connected, 
but  the  data  at  hand  will  not  warrant  the  discussion  of  this 
problem  in  the  present  paper. 

ROLIIEY- JENNINGS  PERIOD.   The  shales  vhich  rost  upon  the 
eroded  surface  of  the  Monterey  sandstone  are  extremely  fine 
in  grain  and  in  their  lower  part,  highly  charged  with  carbon- 
aceous matter.    The  conditions  under  which  such  sediments 
could  have  been  the  first  to  cover  a  recently  submerged  area 
are  obscure,  since  the  advancing  sea  must  have  found  the  land 
surface  covered  with  loose  material  derived  from  the  sand- 
stone.   The  contact  between  the  two  series  is,  however,  im- 
perfectly known  and  it  is  possible  that  the  pharp  contacts 
are  located  on  the  higher  areas  of  sandstone  from  which  all 
the  debris  had  been  swept  into  the  neighboring  hollows.    Sim- 
ilarly it  is  supposable  that,  with  rapid  depression,  all  the 
coarse  material  which  would  ordinarily  have  been  carried  out 
to  sea,  found  lodgment  in  topograp]:ic  depressions  near  shore, 
and  by  the  time  these  were  filled  sufficiently  to  allov/  of 
anything  like  regular  flow  of  undortow  currents  the  water  had 
become  too  deon  to  allow  the  carriage  of  any  but  the  finest 
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sediment.    The  thickness  of  the  shales  (over  1200  feet)  shows 
that  erosion  in  early  Devonian  time  must  have  been  prolonged 
if  not  active,  while  their  homogeneity  is  evidence  that  the 
Romney-Jennings  period  was  one  of  comparative  quiet.    The  de- 
pression which  resulted  in  renewed  deposition,  though  of  wide 
extent,  v/as  probably  not  great  in  amount,  but  it  must  have 
been  sufficient  to  restore  the  coast  to  the  vicinity  of  its 
position  before  the  Monterey  uplift. 

LATER  PALEOZOIC  PERIODS.    Deformation  such  as  the  rocks  of 
the  Massanutten  region  have  suffered  is  generally  concede^ 
to  be  possible  only  under  a  great  load  of  superincumbent 
stcata,  and  this  is  the  sole  evidence  now  remaining  that  de- 
position did  not  cease  with  the  middle  Devonian  shales.    For 
the  complete  folding  without  fracture  which  is  observed  in  the 
Massanutten  sandstone  it  must  have  been  buried  under  10,000 
feet  of  younger  formations.   The  present  covering  is  not  in 
excess  of  3000  feet,  and  the  remaining  7000  feet  would  carry 
the  Massanutten  section  v/ell  into  the  Carbonifcrov's  system. 

B.  7/illis,  Mechcinics  of  Appalachian  Structure  13th  Am. 
Rept.  U.  S.  Geol.  Survey  1893  p.  ^70. 
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RESUI'-IE.   The  foregoing  speculations  regarding  the  succeGsion 
of  geologic  events  during  the  deposition  of  the  various  sedi- 
ments of  the  Massanutten  Mountain  have  been  niainly  confined 
to  the  recognition  of  changes  in  the  relations  of  land  and 
sea,  and  the  deformations  by  which  these  changes  were  brought 
about.    In  the  accompanying  diagram  an  a'tempt  has  been  made 
to  represent  this  interpretation  of  depositional  history  in  a 
concise  form. 

The  diagram  consists  of  three  plane  curves.    The  first 
indicates  the  variable  position  during  geological  tine,  of  the 
intersection  of  an  assumed  radius  of  the  earth  with  the  land- 
surface,  and,  being  applicable  to  the  intersection  of  any 
radius  with  the  land -surface  may  be  considered  as  representa- 
tive of  changes  in  the  elevation  of  the  land.    Varying  depth 
of  the  sea  is  represented  in  a  similar  ijianner  by  a  curve  re- 
ferring to  the  intersection  of  a  chosen  radius  with  the  bottom 
of  the  ocean.    Since  the  height  of  the  land  above  the  sea  de- 
termines the  activity  of  erosion,  and  the  depth,  of  the    sea 
largely  controls  distribution  of  sediments,  sea-level  may  be 
considered  as  constant  and  taken  as  a  plane  of  reference  in 
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both  these  curves.    The  third  curve  represents  the  advance 
and  retreat  of  the  shore-line  attendant  upon  elevation  and  de- 
pression.   The  two  elements  which  enter  into  both  the  land 
and  the  sea  curves  ai"e  time  and  vertical  displacement,  while 
those  determining  the  shore  curve  are  time  and  horizontal  dis- 
placement. 

In  plotting  these  curves  the  columnar  section  is  first 
constructed  and  its  long  direction  taken  to  represent  the  time 
element.  —  It  is  evident,  of  course,  that  no  idea  of  actual  or 
even  of  relative  time-lapse  can  be  conveyed  in  this  jnanner  but 

onlw 

this  is  not  requisite;   for  it  is^ desired  to  show  synchronism 
of  events, and  this  could  not  be  better  accomplished. —  Hori- 
zontal distances  are  represented  by  the  second  dimension  in 
the  plane  of  the  paper,  and  vertical  distances  by  the  third 
dimension  nor;r:al  to  the  paper.   Points  on  the  assumed  radii 
at  the  level  of  the  sea  appear  in  the  diagram  as  lines  (ab  and 
a'b')  parallel  to  the  time  ordinate.   The  position  of  the  Massa- 
nutten  area  is  similarly  represented  by  the  line  cd.    The  land 
curve  is  placed  on  the  right,  the  sea  curve  on  the  left,  with 
that  of  the  shore  in  its  logical  position  between  them. 
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The  diajgran  presents  at  once  the  variations  of  sedimenta- 
tion in  the  different  geological  periods,  and  the  succession 
of  earth-novements  to  which  they  were  related.   Lowerin,;  of 
the  land  by  denundation,  and  advance  of  the  sea  by  marine  plan- 
ation,  also  appear  in  the  appropriate  curves.    The  land  and 
sea  curves  taken  together  indicate  the  nature  of  each  move- 
ment, vrhether  depression,  uplift  or  tilting  and  v/ith  the  aid 
of  the  third  it  is  possible  to  designate  the  landward  or  sea- 
ward position  of  the  a^cis  of  tilting.    Thus  shoreward  tilting 
about  a  land  axis  is  accompanied  by  retreat  of  the  sea,  but 
the  same  about  a  marine  axis,  admits  of  transgression. 
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2.   DEFORMATION. 

POST-CARBONIPKROUS  FOLDING.    The  grea^,  earth  movements 
which  affected  the  whole  of  the  Appalachian  province  after 
Paleozoic  deposition  was  completed,  were  far  in  excess  of  any 
which  have  left  records  in  the  Pi.leozoic  sediments.    Doforr?:- 
ing  forces  of  stupendous  power  were  manifested  in  a  direction 
perpendicular  to  the  course  of  the  present  mountain  ranges, 
and  under  their  lateral  thrust,  the  rocks  were  first  compress- 
ed, then  crushed  or  folded,  (as  they  were  lightly  or  deeply 
buried)  until  the  earth's  crust  in  the  zone  of  deformation  was 
greatly  shortened. 

The  amount  of  compression  in  the  Appalachians  has  been 
variously  estimated  at  from  one  fourth  to  one  third.    In  the 
Massanutten  Mountain  it  has  been  calculated  from  the  flexures 
of  the  Massanutten  sandstone  and  found  to  be  about  thirteen 
per  cent. 

No  attempt  will  be  made  to  discuss  the  origin  of  these 
deforming  forces  nor  of  the  general  conditions  under  which 
rocks  are  folded  or  fractured.    These  questions  have  been 
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recently  presented  by  some  of  our  best  geologists.  Suffice 
it  to  say  that  when  the  compressing  forces  were  applied,  the 
rocks  now  exposed  in  the  Massanutten  region  were  in  the  zone 
of  folding  without  fracture. 

ORIGINAL  SYUCLINB:s.    In  taking  up  the  investigation  of 
the  geology  of  Massanutten  Mountain  it  was  hoped  that  it  would 
be  possible  to  test  the  applicability  of  the  hypothesis  of 
original  deposition  synclines  in  one  of  the  localities  suggestec 
as  illustrative.'   This  has  not,  however,  been  realized  v/ith 
any  degree  of  satisfaction. 

With  the  ideas  gained  from  the  perusal  of  Mr.  V/illis's 
paper  upon  Appalachian  Structure  in  mind,  the  following  was 
adapted  as  a  v/orking  hypothesis:  -  The  location  of  initial 
flexures  in  the  stratum  which  was  strongest  under  deforming 
forces,  would  determine  the  position  of  subsequent  major  folds. 
This  strongest  or  most  complete  stratu:n  was  the  Shenandoah 
limestone  and  it  was  bent  dowmrard  along  the  site  of  the  pres- 
ent valley  syncline  with  the  deposition  of  a.  greater  thickness 
of  Martinsburg  sedim.ents  than  were  laid  dov.^n  in  neighboring 

'B.  V/illic.  Mechanics  of  Appalachian  Structure.   l.''th  Ann. 
Kept.  U.  S.  Gcol.  Survey  1893.  p.  574. 
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regions. 

Upon  the  recognition,  in  the  field,  of  the  varyin-j  depth 
of  the  great  fold  it  became  at  once  apparent,  if  there  were  any 
close  relation  between  the  structure  of  the  fold  am;  the  thick- 
ness of  the  Martinsburg  shales,  the  latter  should  become  no- 
tably thinner  toward  the  ends  of  the  several  structural  basins. 

Accurate  measure.'nent  of  the  Martinsburg  shale  has  not  been 
possible  but  the  most  reliable  estimates  show  that  it  has  a 
thickness  which  cannot  be  less  than  2500  feet  and  is  probably 
nearer  3000  feet.    It  thus  becomes  assured  that  there  is  a 
greater  body  of  the  Martinsburg  shale  in  the  Massanutten  syn- 
cline  than  along  the  western  side  of  the  great  Vulley:   at 
Brocks  gap' Mr.  N.  H.  Darton  has  found  the  Martinsburg  formation 
to  have  a  thickness  of  1100  fee;,  while  on  the  Staunton  sheet 
they  are  fror;  1000  to  I'ZQO^y     Variation  in  thickness  along  the 
axis  of  the  fold  har  not  been  proved  since  all  measures  of  the 
shale  are  too  indefinite  for  comparison. 

'  P e r E onal    co rirriun i  c a t  i on . 

''Staunton  Folio  U.  S.  Geol.  Survey.  1894. 
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3.  DENUDATION. 

Under  the  heading  of  denudation  it  is  proposed  to  follow 
out,  in  a  very  general  way,  the  post  Paleozoic  history  of  the 
region  which  forr.".s  the  subject  of  this  paper. 

EARLY  MESOZOIC  PERIOD.    In  the  interval  between  the  close 
of  Paleozoic  sedimentation  in  the  Appalachian  province  and  the 
formation  of  the  early  Mesozoic  rocks  of  the  Atlantic  slope 
there  were  great  changes  in  the  topograpriy  of  the  Eastern 
United  States.   Whereas  the  drainage  had  been  western  into  an 
interior  sea  the  earliest  Mesozoic  records  which  we  have  show 
that  most  of  the  rivers  were  then  flowing  to  the  east.    The 
position  of  land  and  sea  had  been  reversed.   Any  discussion 
of  this  interval  in  this  connection  v/ould  be  entirely  out  of 
place,  but  it  wa?  a  period  of  great  importance  in  determining 
the  physical  features  of  the  eastern  part  of  our  continent. 

CREIACEOUS  PERIOD.    The  general  and  long  continued  ero- 
sion which,  by  the  close  of  eretaceous  time  had  reduced  the 
continent,  raised  at  the  beginning  of  Mesozoic  time,  to  a  base 
level-surface,  has  been  recognized  by  remnants  of  the  pene- 
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plain  then  produced,  vhich  may  be  traced  to  the  shores  of  the 
Cretaceous  sea  and  there  found  to  inert-e  ?/ith  the  plain  formed 
by  marine  deposition.    The  topographic  development  of  Northern 
Virginia  has  been  parallel  with  that  of  the  Atlantic  slope  as 
a  whole  and  there  is  no  doubt  that  a  record  of  Cretaceous  base 
levelinc  has  been  preserved  in  the  summits  of  Massanutten 
Mountain. 

It  has  been  sjiggested  on  a  previous  pace,  that  there  is 
some  evidence  in  the  double  level  of  the  ridges  and  peaks, 
of  two  long  periods  of  denudation.    If  there  are  two  base 
level-surfaces,  the  lower  must  be  of  Cretaceous  age, (the  Cre- 
taceous peneplain  of  Prof.  Davis),  v/hile  the  date  of  the  upper 
cannot  be  fixed.    If  the  lower  corresponds,  however,  to  the 
Severn  formation,  it  is  not  improbable  that  the  upre  r  is  to  be 
correlated  with  the  Potomac  formation. 

TERTIARY  PEr.IOD.    The  Cretaceous  was  closed  by  uplift, 
and  the  surface  of  low  relief  subjected  again  to  energetic 
erosion,  but  under  conditions  where  solution  v/as  more  efficient 
than  corrasion.    The  natural  result  of  this  was  the  speedy 
removal  of  limestones  and  shales.    Valleys  v/ere  excavated  and 

low  mountains  left  in  relief.    The  reduction  of  the  more 
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soluble  rocks  v/as  we<-y   complete,  and  the  difference  in  eleva- 
tion between  the  Shenandoah  peneplain  and  that  of  the  Vc^lley 
ridges  shov;s  that  the  uplift  wds   in   the  neirhborhood  of  1400 
feet.   Probably  it  was  interrupted  and  consisted  of  several 
minor  movements  one  of  which  is  recorded  in  the  frequent  hills 
and  ridges  which  rise  from  400  to  600  feet  above  the  floor  of 
the  Great  Valley. 

PLEISTOCENE  PERIOD.    Before  the  gravels  were  deposited 
the  rivers  had  been  revived  and  had  lowered  trieir  channels  in 
the  Shenandoah  peneplain,  but  before  erosion  had  proceeded 
very  far,  the  competency  of  the  larger  streams  was  in  some  way 
diminished  to  such  a  degree  that  they  were  no  longer  able  to 
carry  their  accustomed  load.    At  this  time  the  gravels  were 
deposited. 

Whether  or  not  the  reduction  of  the  stream-grade  was  the 
result  of  a  general  subsidence^  can  be  determined  vvhen  the  pres- 
ence or  absence  of  the  gravels  in  the  northern  part  of  tlie 

'See  Geology  of  the  CoQsa  River  by  Playes  and  Campbell, 
(BuI .  Geol.  Soc.  An.  vol.  5,  1894.  p . J  where  similar  gravels 
are  thus  explained. 
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Shenahdoah  valley,  is  ascertained.    It  is  the  opinion  of  the 
writer  that  fuller  investigation  Thrill  show  the  phenomenon  to 
have  been  connected  with  the  warping  '^'hich  took  place  after 
the  later  Tertiary  base  level. 

The  trend  of  Massanutten  :.'.ountain  is  at  right  angles  with 
the  course  of  the  streams  which  effected  the  Cretaceous  denuda- 
tion.  Hence  no  great  difference  of  elevation  would  be  expectsr 
ed  in  the  different  raountc.in-ridges ,  so  that  it  is  evident  that 
there  has  been  tilting,  since  the  southern  end  of  the  Mountain 
is  600  feet  above  the  nor' hern  end".   The  Shenandoah  bc-Lse  level- 
■plain  has  also  an  equal  slope  between  Strasburg  and  Harrison- 
burg, v/hile  the  two  V'^'incipal  streams  have  a  fall  of  about  600 
feet  in  the  sai-:e  distance.    The  existence  of  such  grades  in 
rivers  so  voluninous,  v/orking  in  rocks  so  homogeneous  and  non- 
resistcint,  is  conclusive  proof  that  the  deformation  lias  been 
very  recent. 

The  diagrani  of  river  slopes  given  on  page  Vy.shovvs  that 
both  rivers  have  steep  grades  between  the  500  and  700  foot  con- 
tour, while  between  the  700  and  900  marks,  the  declivity  is. 
only  a  little  nore  than  half  as  great. 
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Mr.  Keith  has  shown  that  the  points  of  equal  altitude 
upon  the  tv/o  branches  of  the  Shenandoah  river  being  located 
nearly  upon  a  north  and  south  line,  indicates  that  the  axis  of 

7 

deformation  has  the  sar.e  direction,  but  the  distribution  of 
river-slopes  is  sufficient  to  show  that  the  earth-move;r:ent 
has  been  rnoro  complete  than  the  simple  tilting  which  he  sug- 
'  p. sts . 

'Geolocy  of  Catoctin  Belt.  p.  J7^  -  ^  ?6. 
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SmS^ARY . 

The  general  conclusions  which  ha.ve  been  reached  in  this 
paper  are :  — 

1.  After  the  deposition  of  the  Canhro-Silurian  lime- 
stone, a  land  area  was  elevated  opposite  tho  rerion  studied, 
with  its  seaward  boundary  in  the  vicinity  of  the  present  Blue 
Ridge. 

2.  Subsequent  to  this  early  revolution  there  were  many 
oscillations  of  the  shore-line,  resultant  upon  alternating 
elevation  and  subsidence,  but  the  average  position  of  the 
coast  was  not  greatly  changed   fror.  the  position  first  assur:- 
ed.    It  was  now  on  one  side  and  now  on  the  other  of  the  Mar- 
tinsburg  shore. 

3.'   The  Massanutten  syncline  marks  the  site  of  an  off- 
-shoro  zone  of  maximum  deposition,  i.nd   ts,  therefore,  illustra- 
tive of  the  hypothesis  of  original  synclines. 

4.    The  general  post-Carboniferous  foluing  of  the  Appal- 
achian province  was  shared  by  the  Massanutten  region. 


86 


5.    Since  Paleozoic  time  the  region  has  been  several 
times  elevated,  suffering,  during  the  intervals  betvv-een  the 
uplifts,  more  or  les.-^  coriplete  degradation.    At  least  three, 
and  possibly  four  such  uplifts  are  to  be  recognized  in  rem- 
nants of  baselevel-surf^ices. 


y' 


Bait  imore ,  Apr  rJOth ,  189G . 
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